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No the Gouneil and Faeulty of the gE are Mina Rone i 
Department of Rlectrical oe: Beis Wysrince tS ee 





Armour Instituts of Technology, 


Chicago, Til. 






Gentlemen: 


BACHELOR OF SCIENCE iy ELBOTRIGAL PRESENTING 


This thesis is a g tudy of the menayen eyatem of the peas 
Illinois Central Railroad Ge. at chteage, rll. with pertioular reference e 





to its operation by electric motive power. In anédtiion it is an = 
exposition of certain methods of procedure for attacking & problen of 
this kind, and also it includes various studies of engineering interest a ae 3 


that are related to the general question of the electrification of steam ae 





railroads. In these last. respects the work necessarily differs free 
an engineer's report to the railroad company as client; gas as far as 
possible, these techniéal descriptions of method ote. have ‘deed see 
cluded as appendices, ah ; 
Respectfully suimitted, ele eo 
+: 
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ent at Randolph St, Provisfonal dghedule 


Diagram of 600 Volt Distribution System | 
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Summer load Curve =— Oakland 
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She subarbat service at the Chicago tercinal of the si ae 
illitsis Central Raile ae is ot the present Sony. tiie dest example 
of such service eiecitad by atonm Loconotives to be fond In the 
United Statec. It has long boen regarded vy the railroad connany 


as an Laportant and aren 3 rt of the company's business enti ae 








rd 


and the general business uf the suburban, eezvice is. condueted noe 


mmistakably the careful spoervision ender whieh it‘ls ie ei 









of itsel?, donating 40 it amnually whatever worn 5 ont Losanosiven 


and cars it may happai. $o have avatSablo, 


Certain conditions following the Worll’s # 
the Illinole Gentral Bailresa upesd the sapere’ 


The fer sightod poliey then begun hae been continsea i“ 


since, 















1894, the company employed a saeuibaion to akane a inosine 


of electric traction for this path: spins owing te Mae 


fied in reverting aiversely. Sinoe tust tine électria ctw, 


i 


ment lias attained & high order of exoollenses. ‘and alth 


La “Oeoe at ubarban service. : 


cout of its low elevation, At SunisQie are eit 
snops of the railroad, padiman and onsington 


Siptesere of uote. Renehearen, 5) ¥ue. temime 






That port: ion of the road from samond to : 


eubsiatary Tlidacts Contral comonationy, 





Ratlroad Company. The railroad uses single phase, current and operates 
single car treins on a one hour headway at maxinam speeds approashing © ze e 
OM. Py Re | 3 | me 


















seutn of Kensington the tom of Zervey nas 6000 inhabitants 
aud is a Srowing: residentiat and manafacturing town. _ From farvey 
to the tommimas ef tho suburben service at Blosamoor, the oomtry 4 : 
rolling and above the Ohiesgo Plain. The Ohiez town is Homewood of 
600 inhabitants. 46 Flossmoor is situated the Homewood comtry canb. 


For most of the region south of Grand Crossing to Harvey, @& ene. dee 


out at present the tendancy fs to vetrogression in most of the iad 
region. South of Karvey the eovuntry e mersning healthy covenant 


a8 a high cless guburbsan residence district. 


The South Chisago brangh reaches a combined seolential ‘end 
indastriel territory. “Here are situated ‘the tLuncte steel C0. 8 50 
Forks, and the Deering Works of the International Barvester Company: 
Tue Blue Island branch reaghes excellent suburban country west. of 
Rensingtom. West Pullman is the chief tom. Here are the see 


Works of the International Harvester Company, ete. Blue Island has 


6000 inhabitants, but is well served by the hock Island suburban opsten. : 


o 


Following-is = table of distances in ukies fiom Rendclph ie 
and distances between stations for all points on ths 2 G. 3. pie suburtas 


system. 


=~ 12 = 








TABLE 

























TABLE OF STATION. DISTANCRS. I, C.. Bete 








Randolph St. 019 a eS er NenGy on cma 
Yan Baren St. = 285 ~—— =. 64 Van Buyven Rts ——— «8S 





regres 


Central Sta. (Park. Row} gue ian ek 
62 Combination Swktch 1,40 mame. 57). 








1,45 ——— 
16th 5%, ow 2.00. ae BB Ryde Parke eee GBF me 5017 
pbcaalet St. ears ae 2.52 peony. BS S x 2 ae “8 j 2 2 
26th St. aweenee 5.03 = 49 
ist st. -————-- 3.59 — 56! 
Douglas waemee 4,18 ae 15D 
Oakland a 
43rd St. women 85,25 am 264 
47th St. amen 5,82 = 257 
Madison Parly ewe 6.25 ae .41 
yds. Park meee 6,57 mee 0 
South Pari ~emet P.O) one, eRe ats 
60th Ste. mann ee 2 
"eodlaw nee ID nee AL os 
67th St. wane «6840 ee BO 67th oe S eeaeaenal -6680- 
Srovkdale wane LG eG Parkside. - $11 
ssex ene ear oy 8.98 ——. 082 Bryn Mowx serene *9,61. i 
Grand Croseing ———— 9.48 —a. +50 South Chore ane 10,12 
hac <0 wae 10629 am = BL Windsor too eps 
oodruff mnmme LOLS ae 254 
Deuphin Park =---——— 11.50 --—-— .17 
Durnside oweene= 11,98 -— 258 
194th St, ween 15,1] ——— 1.135 
Pullman * wnawnene 15,98 ——— 87 
Kensington  -—-ee- 1¢,54 --—- 56. 
Wildwood mwa 16,053 —— 1,49 ~ 
Riverdale == Like a L239 Stewart Ridge a i 
LA7th Ot, =e 19,05 ~~ 1,81 Veet Pallman ———- 16, 52 
Uarvey wane 20.07 meme 1,045" - Plane 77 eer 17,03 
Hacel Crest wm 22,17 --- 2.10 Ashland ave, — 17.66. 
Komewood mane 25454 —— 1,57 Bury Oak ————— 18,50 
Flossmoor ween 24,92 -—— 1,58 — Bius epg * —— ean - 


TRAIT Sma 


est. pair of tracks of the right of way. 3 These 3 Siker 
the other vegics, not being ent into by svitehes or orqusevers a0, at 


delays rarely occur, From sigae Park to ern at. 4 these separate tame 





are used for the express service, At: Shen Ste co express teatne 





is ae: Reg ee 








* 


continue to South Chicago, Flossmoor, or Blus Island as the train may be | 
designated, Local traine run from Van Buren St. bes woodLarn on the | 
west pair of tracks, . Local traine stop at alt wink ons show on Mg. 1 1 


' petween these points, tooal trains are made mp of mlbiple side door 





cara, whereas all other trains use the older type car with end doors. aaa = ee 


Verlous etiwkes' of. tratn pecaiag are peek some sotshte te 


of whish are shown in fable IJ, This data is goept lad trom a summer 












week day schedule. = In winter some Flossmoor trains rm only 2 as far as 


HSYVey. Tu addition $0 the traixs noted in Toble il, there are a tow 





trains sacle the. rash hour weieh cannot be included in the clasektioati 
of Table II. ‘Woutly one ‘express each. to purnslde, weet pallmea, 8 ae 
Kensington is provided. mhose treine nave been considered a8 regular 

trains to Flossmoor and. Blue Island in compiling the table. ae h service 
of four trina a day each way is proviaea ou the Hoktor’ @ivision, , between 
Randolph st, and ‘Addison, 24,1 tise: These. leave eity via St. Charles 

Air Line. Farther deteile of the prehent ateam sohedule are inelnaed : 





in the ‘printed time table of the serviae a copy of t wate is tnolaed | 





TAREE it 


OBTAILS OF T¥PLOsL. PRESENT ‘Soom SenviCR oe ee 
SER WEEE DAY. Sri 


IOCAL 








Randolph St. to. Cobdlawn: Soutir. cudeage Bias tes 
Distance Viles y. r Ini3 






Time minutes 28 35 
Number of gtopa «18 14 
4 
Length average Tush... «5d ode. 
miles 
Schedule speed u.PoHs 
1609 22Zel 





= 14 o 













WOGAL ' 


hisndolph fon te Toodaws south chieage. ‘Blue Islina ? 


Hupbor trains each ~ Lae 
way per day “67% 


Ueadway mimntes 







phdday 2S), BR 
Toadway mimmtes eee 
Bere: % ere 


Votess= 









eee: all sae 
Ashland Ave, and mike. 
only Ashland ahh fi 





b Making all stops. ‘except sek 
: tne cate see oscar 








NUMBER OF GARS PER TRAIN 
At the present time midday | locals are two car side door ‘eaten, 
and midday express trains average four cars. — Rush hour ovale ere i 
either three side door cars or six end door care. Rush hour expresses ce 
ere usually made up with seven ond door cars. PA ade Cg ee a ee 





. TRAGK AND ROADWAY, : a 













Figures 2, 3, and ¢ show siete and alignment for the a 
suburban tracks as well as other ‘fontures of permanent way; = hae 
of ballast, and weight and age of rails. -*Pige & shows in groator 
detail the yards of the company at Chicago. terminal as far as they: 
are related to the suburban service. From Kensington south to | é 
moor, the suburban trains operate on main Bae nae but from nsington 
to Randolph St.» they cooupy tracka devoted ‘exclusively to suburban aes : és 
service. From Van Buren St. to 67th Stes cast tracks are used. for 
——— trains and loading platforns separate from ‘the: Looal platform #25 
are provided. Expross tracks are out into by crossovers only at ce 
27th St. and 43d Ste in the entire 7 niles ‘betwoon 12th 8 and orth Ste os ‘Ge 
At 12th St. all incoming express trains stop. for signal 8 ‘the cot Sgr 
bination switch before proceeding across the yard tracks te track 2. ee 
The yards of the company are orbitrarily divided at this ‘point, BO ce 
that it is only on rare ocoasions thet @ tain As delayed 10 to , 
switching. Under agreorent with the city ‘of Chicago, that portion of 
the right of way extending from 12th St. to Randolph Ste must contain 

no structures reaching above the retaining wall maricing the ‘edge of 
Lake Front Parke thon the now outer parloray is completed. the: reht 
embodied in this agreenont is ‘diable to be most carefully guarded. Sees 
This fact has an important bearing on the question of one: structures : a 
for a power distributing arnt with electric operations é : ue 




















eae 





There are no grade crossings north of rune ‘From Bist 
Ste to Drexel the tracks are elevated and streets are aecaese | wae ‘ 
viaduots of the usual plate girder types It is as yet. undecided 
. whether there shall be separation of the grades of the Illinois 
Central R. Re and the Pennsylvania Re Re at Grand Grocsing. , ee bys 
grades are waxy light, and there are no ourves: for which a slow t down 


in speed is required by suburban trains. Ea : Coe $ 





Tho total track mileage operated in the suburban sorvico is ¥ 
80.0 miles including sidings at Hanseh) Street. Beep ee Feit 





_StARTONS, 


The. type of station employed usually consiets of a frame or oe 
brick depot built adjacent to the right of way with a loading platiorm, me 
usually of the island ven which admission is had by ‘moans of turn= 
stile at the ticket sellor's window. The platforms ere rai 


level of the car floor (4 ft. above rail), and are provi ad ith shelters 
racks are ‘eae 








and canopy roofs. South of Kensington, where main lino 
the platforms are at rail level and hence egress from car. is by means 

of stepse At Randolph St., six tracks are served by three island 

platforms admission to which is by moans of steps loading tron on ee 
overhead covered bridge spanning ali the tracks. At Van Buren Ste a - : i 
cuburban station has boon provided, comprising a station building | 0 
ft. long. and 80 ft. wide, as well as platforms aggregating about 1000 ros 
ft. in length along each side of tracks 1 and 2. ‘Two trains oan ‘be eae 
loaded at once at Van Buren Ste ‘The main depot of the rattrosd is : s ee e: 














Cae es 


There | are gee nse 40 recone os of — 






Type 
Mimber. in use al 


‘ 6yl. inder Atmane tons 
15x22 


















Driving wheel diameter . 56 1/2 i 
Wheel Base : 
Total weight tons : @ 
teight: on ‘wrtveds 1 pi ap a on Ses 


restive Power, 20% sdhesion = Se 
11200 1b, © “15400! Tbe 


@) 


Rebuilt ten. waoglers. 





to a coneiderable meets 





. 2 ‘i 


dertusn observations on 


type 6f Loco. Yo. of bene 





, of Drain Distauos 








these are obtained from stop watch teste of. the tine poquired 











for a train to travel various distances up. to its own eneti. In all 
caoas beat performances are tabulated. ia performaucee agree fairy 


well with calodlated results on the basis of “20h adhesion. ae | The observe 


¥rom data of Table ¥Y and from otha. tine - . éistance teste, Fig. 





Wk, 


6 is derived, This isa speed time curve frome, bas of o e15 miles | 


pect ormed by present steam oquipmads. re is the. estinsted best 2 or 










mance of & 2 = 6 = 4 locomotive hating three ide: door cars octet bee 


hanling two side door cars, 


The care used for the suburban eerviee Are of ‘two ‘es the 
miltinle sido door car and the stundard end aor Care. ae he pide doce 


cox is et present ‘used on the Toodlawn local trips. aw of these oars = 
. are now in uge, ‘Table VI shows a: data regarding these ‘es : aes 























of cars, 
TABLE VI 
COMEARANIVE DIMENSIONS. 1.0. gee ousirmaN a uTR, 
Nultiple ay ee ee } 
Sice Door ae . End Door. 5 
> er * 
Length over all ft. 71, 51 : 
me 20 = ‘ 


















‘ 
Length ever end sills foe : 64 a aca 
widticovat sheathing . pees t. 5 in,’ Fis 
Weight of Body (equipped) im ta 61400 1b. - : 
Weight of Pruoke | 21205 c | 
otal weight ee ee azscd Weis se 
Seating capacity ‘J | : 10a. : 


the eide door cars arc strongly bullts “4 1 somiote. stool 
uiderframing is provided composed of four Longitudinal 9 in 21 11 
beams tied toesther with 6 = ¥ in. 15 tb. rt beams between two ond 


of 9 in, 25 Th. channel. tagonal waiiee and - guaset plates are : sed 


st corners and at both beister supnes The tloor is 1/4 in. deck 


riveted directiy 50 unierframing, the se ia stmatire is semi stent 
sonustrustion. The ide aoora’ ass operated wy, emtgresed « air a 





Oy ae 


closed, the Yact in tvataatiy conminteated to the a 2 a @ ; 

Ee ere = | 
have been in use five years and save siven good satisfaction in ‘ant 
ling crowile, Whe signal device works perteatly, “oonti¥everting ‘tie: 
statements of Certain railway engineers that such a device ts iupract 





oe 


sable, The cars are necessarily heavy on aecount, of the necessity of . 
furnishing all supporting strength in the + waeertrenes at ads tmoset= 


ble to frams around the side aoove, =” oe Pee Sue 


the short stops made pogtble the use of tise side ‘Zoor cars oe 
is a matter of imortszice in euburbar service. he weiter nas ‘frequently 
timed a three or fonr car train of eide door cars losis ne at Yen Fafon st. 


during the rush hours. where 150 $0 200 “people poard the trea - Duratl 





net 
ih ee 


ie 
oe a 









é ART out 





— : 





ta length, This will provide room for 90 side door cars 





' 


at the general company shops. 






tion at Santslph st. es tt o — , 





Tie present siburban traces are 5 prot 
block: eipuals. of the Kae | Banjo type. fhe 














the omission of which leaves mach to be desired, © A peneral state 
ment that about 14900, 000 passengers are carried per sami ae 


suffice to show the .extent of the present traffic. There are 





however, isan i facts regarding the #epyice hhas are ‘pales cxparent, 2 


The suburban traffic. is decroaping on account of the competition of 
















the rehabitated lines of the Chicago City Rallway and of the: South - 
Side Elevated R.. k Fig. 7 shows the peatires of these Lizes ‘to, : 


tha I, G. Be Re stations in 1905 and ia 1908, 


The Chicsage City Railway has in use 45 2%, double’ ¥ 
cars each nega Gu HP. MOE OS » which have been mbetiinted f toe 
the cable equipment and sin ahs truck eleotric cares The 
have been increased and routes provided. that ‘permit travel. #0 
from Illinois Central territory without transfer, fi ie Lines. 
which these cars operate are in direct competition with the ransmots 
Central & Re Re at Grand Grossing, B7th St., 47th: ey and 45rd Ste ‘ 
In. addition, it parallels the I. G, Te Ry from ame: Ste to Ranaolph 
St. From each of these polniea a through oar oan be ajeinany at ae 


least every 5 minutes during the day, and for a five Seat faras oe e 


The operation of these ‘axousad cars has had & very ise Hg 
pressing effect on the earnings of the South Side Hlevated Reilway, 
and 1t 15 reasonable to expect that an even grester effect is felt ae ee 
by tho Illinois Central fativond. | ie 


The South Side Zlevated i. has Aastiguted : an 8 express oer 





during the rash hour between 43rd Ste wit the Union loop without. 
stop. | This decreases by 5 minutes the running tine trom all, stations 
south. of agra St. into the sity. by ce) service attracts many ‘passer 





gers who would otherwise wes the Iildnols central Railroad from voce 
lawn station. The elevated pend has also bot ry ine z 
cme 





losel service guring the aay. : 


aw a n. from Ate ‘five ststtoas, th 














rate of fare is 5 cents as compared with 10 cents ss aa ths I. C. Be Be <6 


The effect of thie acute cometition of 4 ‘the street and. etevesend 


railroads is not greatly apparent at any express station,exoant oottem, 
during the rush hours. . For stations betwen Toodlewn. and yde Pert | 









the effect is a decrease in the area from whee. the i, Ge Be Be ares 
its patrons. Persons living .a considerable Aistance from: the stations 
now take the street railway when foynesiy they vated to the te Oe Be Re . 








station. 


Hedison Paris have. for 8 long time vecn filled ae with those oho 20 


“Jast missed the each 


The competition of the surface aad elevated aks 4s most a 





parent during the middle of the day, At tats time the I. C. R. Re 





are operating @n a 20 siete ‘headway whereas elevated. treins at: 4gna ah Ms 
leave on a 5 minute headway, so thet frag the Sra or Oatcland tstrict at 
is si even chance that @ passenger will arrive in the ely as qutek ty 


the elevated as by the I. 0. Re Re During the resh nour the service - 








2 the elevated is almost eertain to reach the city quicker. The 


surface lines divert a greater percentage of treftis from the a 4 ae 


R. during the middle of the aby’ then they do during the ‘rush hour. 





This is for the reason that the time of Journey is of lees inportenoe 
during the middle of the any than during rush. hours nk sonventenee, 










cleanliness, and frequency’ of perrise are uppermost in the mind of he . 


patrons. 


he consi: derations in this section are of course Inecaplete 
without tabulated figures of traffie ana tloket sales; but it is be 
lievad that. such figures if provided would merely indicate inedsce 
of the conelusions noted above, rather than to dickcivaek any of 2 i 


them. 





SUGGESTED. WEMEDY. 


Provided the facts are as above stated it sie advisable 
to undertake the complete rehabilitation of the siburban service — 


in order to regain its former patrorage and to receive the full ene atte 





£1% from the ever growing population along its lines. » 


Rehabilitation elong the ines suggested below will be ef- 


e25*; 
fective in sersuring the desired result. . 
1. Double thé frequency of train service ever all lines during : 53) 
the middle of the day. : | 
2. Reduce rates of fare on the Woodlam lécal trains te a wnle 
form 5 cent fare. | 
3. Provide more rush hour trains with greater seating capacity. : 


= 27 = 


x Gh 





4,  Qperate express trains on Sundays, and in the evening. 


5. Increase schedule speed 20 or more, 


The best method of obtsining these results,and in fact the 
only pessible method with present physical Limitations of terminals 
and locomotives,is to ohan.ee the motive power of the train from 
present steam locomotives to slectric operation by means of motors : se ‘ 
distributed throughout the eoiba cok controlled by a multiple unl’ 5 eee 
syetem, It wild be show that the results derived can be obtained. aes 
with a motox equipment and power distribution system which Sg ‘sconome = 
4eal, reliabdle,and in accoré with bes}. modern practices bc ead 2 
*ton,it will be shown thet this method of operation has aceided oe 
advantages as far es operating expenses are concerned whieh in em eee , 
selves can almest be considered sufficient to ‘recomiend the adoption oS so 


operation ghee 
of an electric system. fhe chief argunent for electric howsver's a 





is that it will permit amplifications of service 58 regards frequency es 
of treins, speed, and cleanliness so as to canse a decided increase | 


in traffic; — @ result obteaiuable by no other method except electric ce. . 





operation of trains. oe 
It is neseseory to establish certain working assumptions 













regarding the. service as a wuole, to be used in the invebtigation ee : 
of the proposed electric equipment. Sheee assumptions are CC 


sidered pelow in detail, | a 


_ PROPOSED BLEOTAIFIC 








I. Complete estimates are prepared relating to he ‘6 


of the entire suburban sorvies with the exception oF the service to 
— = See 3 < 


~ ZB = 









She bn of os ett 
ouch as would be required : 


















the same as for 









TEE. an estimate is pre 


Tocst service 













equipment of the entire suburban 





aA, 











IV. Finally an ostimte i 


lawn local serviee and of the ¢ 





‘Sonth Chicago and Grand or DE 
sinilar to Estimte I, but wif 
particular advantage “in extending the el 
Sains passengers Fo be . 


point. Pages 36 and 37 2 ashy 
































Am important question of engineering’ sofia: veleting ) 


choice of the proper syst on of electric traction arleos shen th : 





considered, the probability: of more extensive olectrifteatt r 
fotare dete. The City of Ghicago will umdcubtedly bring pressu 
upon all the incoming ratlreads to eperate electrically insiie | 





city limits, In ener thon Ge: vbeia engineers have predioted that 
long sections of trunk line Pallrond would goo be oarkpet ith 
electric locomotives for sretees and eer service, . Thed 
goment is largely that of decreased operatins expenses that me ) 


than warrant increased “gapital charger with slectric ogutpacnt. 


If elther of these possibilities ue ooour in the oaee 
of the I. @. & 2%, the fact should be considered in determining the 
pest aysten of electria operation for the suburban ‘porviog since the 
' syotem giving Dest results for trank line service or for heayy tome 
ual service, is not necessarily the one best sdspted. ‘Tor the Seburban 
service, IZ there is any reasonable aseurence of tutere: oxtension 
along these lines, 1% would undoubtedly be desirable $0 secrifice : 
some features’ of the suburban service equipment in onder that. there: Ae 
may be unity of system, and flexibility of cereal some febare 


date when ail brasees are completed. 





It is not the intention of the writer to ‘Darantigate 

the probability of trunk line electrification or of “heavy terninal 

electrification for the through service, Aa a worlcing basis the. 7S 

assumption is meda that the probability of trunk line AEE: ; : 
ae : eat. 


’ 


ose: 


Esk 


x 





is too remote in the case of the I, C. R. RB, to warrant any consider 
gation, There is some possibility of the occurances of the terminal 


electrification of the throngh service with the idea of eliminating 

















smoke epenaaiibe hence the aystem of electric traction to be adopted : 
must be suth as to he extended fe this terminal - service if necessary. ne 3 
However, the influence of ‘this poushdurus ion on the design of suburban 
equipment is taken aa very slight;and that By ste of electric traction 
giving best results for subdrban service is assumed the proper one 


to use for the terminal service as well, 


TYPE OF Gan @ 4 





It ie assumed that the standard v1 fb, melee side doo: 
car be used for the electric service. (Fig. 72) South of oncings 
ton where the suburban t rains operate. on main Ling. ‘tracks, the: side 
decors: wili not be used sinee the usual ground level platforms prevail 
untrance and egress will be had by means of the aeaal steps at the 
ena of each car. ‘The traffic at these stations is ‘ouparatively 
light, and the absence of the aide door pri: ‘eiple wild have but Little 

effoet om the duration of station stops. The argusente fe favor of 
; this type of ear on the steat hone yous have been noted, an. its 3 
sdoption seems advisable for the entire electric service, > qt is” 
practically a fire proof car, cs desirable. feature. when electric ap ey 
paretus is used, The adaption of this typ0 pera te ‘the sqctpoatt 
o? the present side oon: cars vith electric notore and apparatus to 3 


convert them into standard electric suburban cars, a The ‘objection = 





to adopting this type of car ig that plsttome at : Soretam Lago . 





well be loaded om a curved platform with a curvature exceeding 3. 


desress. 


Certain changes in construction of. the side door cars are 
necessary to adopt it for electric operation, but thege are of a 


minor nature, 





SSALy OPURADION, ee Re 


This study is based on the Gperation of bide door. cara in = oe 
trains equipped. with motors throughout the train, the whole controlled : 
by one motorman by means bi maltiple anit control, this ie the 
ariversat practice of alwrit: d and subway railways, and is fo roltewes 
by the electrified suburban lines of the New York. Central, Tong. 





Tsland, West. Jersey and Sea Shore Hallways, sto.jand by all inter eS rare 
urban railways that operate cars in trains. The advantages of 


this method as compared with operation by electric Locomotives are 





_ briefly as follows; = 


1,  Imereased rate of acceleration due to groater weight 
_ available for adhesion. 





2, Decreased total train weight. 7 s e =e 2 
3, Wore efficient terminal service, 


4, Inereased motive power proportionate to ‘Imerease of. 
length of train. 


5. Less wear on track due to @istritution of oe 
6. Permits the use of one and two car trains to be ran 
sconomically during slack hours. 
In. order to provide interchangeability of suburban equipment . 
it 1s necessary that all motor cars shall have indentical equipment 


as regards moter equipment and gear ratio. = 


4 ier 






















the maximum speed of the present express trains on 
from Van Buren St. to Hyde Park be about 45.0. Po He It fry 
sary to inerease this speed to 50 ) ae ie in order to predue ; 
desired Laprovements in the schedule time pos this vartoular ee 


5 
% 


electrically operated, | he six car Gate oP the ev ie 
Re Re Operating in the Now York electric zone, are geared for abo 
this maximum speed, the Long Island Rhys etontrto suburban trains 
will operate at 45 i. P He The West. Jersey and See Shore Be J 


trains however operate at 65 iu. P. He speeds, ~~ * ae 





COASTING. BRAKING, DURATION OF | SOP 2 





fhe method of geidebiies power and srocts used in this — 
atudy is on tho basis of a exiell enount of coasting fron: the bine of 


shutting off power to time of applying pretois: The amount is vot 





'5 to 10 seconds depending on tue length of ray In agaition 6 s 
of the .tirne tims deternined is added to obtain the sine table 


schedule tins. 


The rate of retardation during braking le sssamed at 1.6 
ue FP. OH, per seo. "his corresyonds to 7.3 % of train weight | 


adhesion. ‘ 
The length of stop is assumed te be 12 seconds at all stations 
except Yan Buren St. where 20 sec. is allowed. | Extended observa 


tions have shown these to be conse: vative values for trains of side | 





door cars. In addition to regular station stops, there is smpposed © 


2 12 sec. stop at the Combination switeh st 12th St. for all express - pe 





trains, both north and south hound, 








TRAIN. ae LSPANCEs 


x 


Information Searle train resistance st constant spect te i 













is necessary to properly Antemaind tue ultimate max La speed as vel 
as the Instantsmeous rates of acesleration at any lower speeds ve 
satisfactory deta is available at the present tine vocaraing: as 
friction of electrically operated trains. — teats condneted, by 
He Yo C, EH. Re Te Re and = tnterborongh ae soiot treneit G04 are 
particularly noteworthy as siutytne te the: present instence. ; Tig. 
shows train friction deduced from data of As Me armstrong for tate: 
of varying moibers of cart of mmltiple side door type when loaded and Po 


eqaipped to weigh about 69 tons each, 





whe aetuel maxima Nowaua are seen to be 56 - Pe Uy for a 
5 car train,to 47 M. P. Ey for a one car tralmpvies, eae: car is equipped 
with 2%§E 69 B motors per car, gear vaio BoAG with 36 in, wheels at 
570 volts. According to the curves,a 5 car train will neke the - 
run in less time than will a one car train, but the ‘tendenoy te tee : i 


- station stops with a leus train balances the decrease in running time, 









For the purposes of this atudy it is sufficient to assume one frieti 
curve as representing the trein reqjatanoe per ton for any leagth of : 
traing and to be on the safe side, a conservative act ot values ie | 
chosen, as plotted by the heavy line of Pig. 8. All speed and 

enersy determinations throughout the entire study are made on the 


basis that this curve expresses the train resistance. x : 








SYSTING OF TRACTION AVATLABLE, 





The application of electricity as a motive power is a 
by various methods, Those appearing moat worthy of tnvestigation 


for the I. ¢. Rm BR suburban service are listed. below; ~ ae . 












1. Direct current 600 volt Brd Rail system, 


2. Direct ourrent 600 volt Sra Rail system using forced 
ventilated meters, ee ei ae 


5. Direct current 1200 volt Sra Rall system using forced 
ventilsted motors. ; Caer 


4. Single Phase alternsting ae 25 f ose 9000 volt rol! 


The firet system, the @irect current 600° voit £ Sra rat, 4 
in extensive use by elevated end heavy intorarban vailwys, and ty 


steam railrodds whose ‘service closely arproxinates ad the Be 
Re De suburban service, Phe syaten Dae aida te 








dist of Steam Railroads Tsing : the 600 Volt Direct ae S. : 
Gurrent Srd@ Rail. system for Operations. Sea 
‘ Suburban pers Services. - Tg Ee 
Wate of i}. ‘. Service Miles ef track No, Noter Cars Maz, speed 
Fae ‘3 EPH. 
Ne¥eC, and Belieds New York Blestric wone 292 : BBG Sos ez BO ; 
West Shore fi. A, UtLoa~syraeuse line “106 
Long Island ». , Atlantic Ave, euburbay 105 i 
Lines ; Sees 
= 356 
























Heme of@k. Re Service 


West Jereey & Sen 
Shore ae Ee - 


Forthwestern paottio 


Re Re eee 


yotropolttan Dist, We 


Northeastern ys 
“Great Western sabes 


Lancashire and 
be deta 


at, 





‘he 25 cycle ee ae alters 


$ 





nently used by the Z. xy oe a, 
ae 
Brie Ry Bes Rochester it. Mortis brench 


and South Coast %& Re suburban Linosyend to the Adland st es} 


jects well under ways 












in the present ‘belies: «ees are many practical ‘aire e. ties 


in the way of an overhesd ee coustraction: chet of walety is the 


whe whole appearance of ne. work WG) ad ‘lac the amity that 





the New Haven inabaliation, 







all types of DOBEeY aars of 





wi Leh the rkten 


ber of trainsgand the inf "Leenee of dont of oar @ 


predominant +, 





“8 compared with cost of "tranmateston sys’ 







5} 


system, the él cadventuses oted, suave gosta probabiy be 





overcome, — 





aad cost estimates and operating schedule worked out. A comparative 
estimate fe then made for the 1200 volt ‘syatem and alternating current 


system on the basis that Saripnen=s operating by these nethode mst equal ae 




















the centinntahs of .the 600 volt ara rail system as far as spsod ts 8 00m 
cerned, 
The Gschieaie of thie method of comparison is ‘that, an : 

ack. 

appears st first tiought to be most sien dapat for the sere s and ra 
further invostigation corroverates chia, fect, considerable of the | ac’ ual 
engincering work associated more with eanstractiion than vith oF cus in 


“weports will have beeu completed, . 








DOT COCA MAIRD Aan Sys! 





an ordinary means of detemiaing ‘408 actails ear equimment 2 


2 i are 


and power requirements: in a projest of thie nature is to assume at the 





vocimming a cortain eperating schedule of train service to weien the. 
electric trains met run, In sane cases it ic ‘eceosary ‘that Bad b 
presont. steam service bs duplicated; and ‘i others that dectaea, inerease 
of schedule speed be provided Zor, On. age vunt of a. compet ing ratlzosa" 
schedule, In the present Inatanve there ts ne euch rational method 
of fixing at the cutset a dedirable sehedule apeed BE. whieh electric . 
trains are to operste, The onky cousiderst ion is that the schedule Bou 


speed be 20 % or more preater than. at present, "(See page cae cate ee. =e 


. 


The matter is #0 olesiiy wuaaees haa the motor eavioment and 


Operating energy costs, thas 1% is saviscble | to » peeyyate the proventation 


ve 


1 ge 













sizes of moter bis ates are haivenlaii, 





As preliminary to the study of motor equipment, it is des z 
to determine the length of average run, the performance of whieh fn oom ? 
vice by trains having various motor equipments will furnish oa. setts 08 





of their relative performance over the various regular tripa tn phan 
service. It is shown leter then the results obtainable gor this: ‘tyotoat 


mm can alse be used to express the. absolute values of energy and st peed : 






as they will occur in service, . : : fo es ae hae Sune 


vida] average lenzth of run is not equal to the average aketeine 
between stops, sxeept for the simple case of one type ai service only? : 
but is affected by the number of cara at train and. frequency of service fee 
on different portions of the road. In general this a is expressed. 
thus: . 
Leugth Average Rum == otal car miles per ay 
: Potel car starts per ne day 
‘For the i. €. Fr. H. suburban service, the Sethe run calcu. — 
lated in this manner 1s 0,815 miles. It is assumed. that this value 


will hola for the electric eervive as well, since amplification of service 





will be proportionately Givided among the different classes. of mms, a 


7 
The arguuent in using this typleal rum is merely that the par 
ticular motor equipment that will give best continnous performance on 
tude average rum of 815 miles, will give best xeswlts on thé mixed service 


~ 59 










of the actual mens 





assumption, an and Me 1s a | net hod in gonoral we 
kind, 








Pk 









e 2 B68, 200 z. Pe valley noter. a |The reason "or 


isr motor ves that extonted data re 


‘been Lesucd. toys are wie in very a 















wcieg eae railways in London. 





Pig. 9 shows the dimensions of this 





ie ee 




















the G & 69 B metor charasteriatipajand iy, - saaatton mele oe : 0 bs 
heating estimates than arc found in eeuliee Be -Mypleal ra 
various gear ratios are show in figs. 14 ‘to 1? tael. 
results obtained from bagi Curves os regards ached 


sumption,arid moter heating fg From Pig. ‘is, it is evi 


itial eadeleration of 1.10 M.P.E. per sec. Kovever ‘eonsiderstion ae 








_notor heating sets the gear ratio at 2.46;the value sad. for’ spect aE 
energy calculations, This provides a msc emg speed of 50 PE t 
lower Limit as set by prerinas considerations, if it were not i oP 
this necessity for a 50 Ma Pele mescraur speed,a lower goer ‘ratte pootd be 


ine 


edopted since the ‘totoeintats sea with the 2.46 geer ratio: Sa ef 





Cent.) 4a about they ies. and lower ibe Se temporatone vould be 





perhaps desirable, 





oan 





The ¢ E 69 C motor as supplied to the Eew York Central Ratlread 


suburban care and to the Weet Jersey and Sea Shore Re Re, while a modifie Es 


cation of the @ E 69 B moter, is not adapted to the I. C, R. &. suburban 
service on account of the short leneth of typical rum. The matter is a 
considered in some detail in appendix C. age ; : Sear ae 


ga 


Qha curves of Figs, 14 to 18 incl. ars based on 8 three car 
train made up of side door ears each of whieh welchs loaded 58,75 tons,— 


as follows; a Gee Nae a 





5 
TABLE Ife : 
Sime DOOR GAR WEIGHT. 600 ¥O ‘Bra RAIL syovtat. 
Gz 69 B TORS 

















Side deor car body with lights and heaters, e 58900 ibs. : = 
uotor truck 7'= 6% wheel base with 56" steel wheels, 15000 : ae S 
Trailer truck, Boone 4 Mloo0 | 
2 = GE 69 B motors comlote, -— pao0 - 


Control equipment G B Type MC 26 3600 





Air Compressor and new brake rigging etc: 7600 ae . 
weight Light : 102500 Ibs. ine 


100 Passengers at 150 1b. 15000 i igi. os ee ea 
weight loaded 117500 tbs. 


Add for inertia rotating parta ° 9100 ; 
equivalent weight 126600 Tbs.. 





ae = 
ER Peso 
ar x 3 -r 5 
RE fine 

ers = 


-43— 











ACORUBRATION. Se ee 
ee... Fee 
In all speed tins curves to follow, on which are based data Zi 


on ting of rum, energy consumption ets. for various suburban ranay- a = é e 
certain method of handling tie controller duriag ths socelerating period 

is aveumed, Shis consists te allowing the motors to. accolerate, on the 
series moter curve for s short length of time befpre "they are connected, a 
psrallel with resistance. This method of operating decrease te 












schedule speeé for the typical run by 1: rer, ‘cent brit decresses the” a 
saab J by 8.5 ber cent due to the lessened rheostatic ‘os 
fully wceieietal the afoption of this nothoa of sontrol.- Figs 
“the tye run with thie modified method of ageeloration. This notiod 
can be performed automatically by means of an attachment te the Hatt 
owktoh and prodnass but eee eomp lication of ‘Sentired | epreratag, 


EN 


The entire matter is considered in some. Aotest 3 in pendix 
D where complete curvés sheets and caleulations are stow. oe 


An a@vantace of thls method is that it shee a simple 
way of making up lost tine by merely disconnecting tHe, Limit switeh ; 
trip snd letting motors accelorats in the. regular naitner this however 
is at the expense of eonsidersble motor heating, st nee the value: of i es 
resistance in series: with motors, 2a varallel,are mach lower than, world be ee a 


the ease if a Linas switch trip were uot provided. See Appendix D . 
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es 






























The profile. and aliganest of the nf “ Rel Re S ectianaee spa 
la such that it is not: socossary to ealenlate detailed epeed. time 
curves for each pertioular rum of a , brain in servioe, sah cate 


tion is only warranted where the grees: are ‘hoary, a carves are euch 





aa to neeéssitate slow dom ond renscoeleration, : There are ‘no : 

such curves in the I. G+ he ae suburban district. | The sseunption 
on which these results are based is that the raek is level, bangs 
throughout. Such an assumption even on ‘roads 0 “of very mugged 3 Pre= ¥ 
file is er erente aes gives results thst chook very closely nie T- 


sults based on an accurate speed time curve study of the vartous rans. fa) 


All oaloulatione are hase the results ot a. _ etady of a » tree 





car train with wotgnt according ke Table m. train ‘friction is age: 
sumed. according to Fir. 8. The ‘power input is proportioned directly. - Be : 





as the muuber of Gars per Solana 8 unit values being ‘obtained from a etady a 


of a threes car train. 








Fig. 25 shows the Genera tam ‘Sheet or apeodetine, ourve of 
three car train on tangent levek treck. gurves” of power tavat and ae . 





ee 





. losses are included, whi carve. As ocuventent iy aiviaea up into rue 
of various tise Curations as sown y the braking curves, the ‘ae 


for each ran as regaris distance yun, enerey consumption, aversce power, 3 


(a) Le &» Stillwell and # St. Cc. Pptnan. Pleebria eres steam ; ; 
locomotive. Proc. A.1l.&Bepage 241, 1908, gives actual comsarisons one saa 
results worked out by both methods on 6 read of rugsed profile. - 








¥ 


input, and uotor losses,are Sound, The date te 






dababe run as a base and is shown in Fise, ee a, 


suburban sities “‘Teble. z. of ‘Tndtyi@aal ihm rata i 


From Table X, fable XI is conotied wbieh provies 4 


This provides necessary Loomer for F mang ap thn. 







the ead or each trip. 





TABLE X 























INDIVIDUAL tH Wits = 600 YOR? rd RAIL ‘BeRCre: 
8 69 B MOTORS-— PROM FIGS. 26 TO0ee 
A B ¢ Pe bs Ber res, a: 
UN Time for Run ‘ime for Rilowatt Avg.K.W.. Wath Ere. ‘Watt Ere 
not incl. stop Rm iIneoi, Erssper per’ car. Field loss ne AS 
Seconds atop car 570 volts per motor — os . 
Seconds 570 volts Gime B.- 

Randolph-Vanburen . 1252 2:02 3.5 

Yan Buren-Park Row 1230 1242 «©. 3.4 

Park Row- 16th St. 1:26 1:38 «8.8 
16th St. 22nd St. 1225 1:37" 3.26 

gonad St. . 26th’ Ste 1216 RES y Maree. 3S 

26th St. Slat St, 1:27 1:39... 3.8 

Slet St. Douglas 1:28 1:40. -S.3— 

Douglas Oakland 1l:13>..° ‘i225 2.8 

Oakland 43rd St. 1:30 1:42 9. 3.4 

43ra ct Kenwood 1:29 1:41 34 

Kenwood ~adison fk.1;09 -Le21 2.65 

Medison Pk.-iyde k.1:04 286s 224 

Hyde Fk.=South?k. 1:20. 1:82 = 3.05 

Fouth Pk.=60th St. 1:12 1324+ *2,8- 

60th ot.-Woodlawa 1:11 1:23 2,76 

woodlaymm-67th St. 1320 13927 8205 

67th Ste—Brookdale 1:06 1182.5 

Prookdsale="ssex 0:50 1:02: | 109 

Esseme Grand % 1:20 1332 «3.05 

Grand %Draxel 1348 “ps00> A. 

Drexel-{yoodruff 1324 1:56 = 3.2 
 Roodruff Maupin ck.1:17 1:29 2.95 

Dauphin Pk,=Burnsidel:36 1:48 3.6 

Burnside-164th St. 2:13 2:25. 4.9 

104th St.=rullman 1:52 2204 ae2 . 

ullman-fKensington 1:25 1:37 3.25 

Kensington=ildwood 5:07 5:19 6.6 

Wildwood=-Riverdale 1:58 9:19 44 

Riverdale-l47th St. 3:06 3318 6.55 

147th St, iarvey 2306 2:18 47 

Harvey-fazel Grest 3:30 5242 Pod 

Hazel Crest—Homewood2333 2:45 Sok 

Homewood-Flossmoor 2546 2:58 5.9 








TABLE X (Gont.) 


















. A ae wet te RG he 
Run Tine for Rim “ime for Kilowatt Avg.KW. “Wott. Bs 
not.incl, etop- Run inol. irs. per per run 


Scie ger (- St0p tar BIO. =e 
'.  $eeonds » 570 volte Sine Be . 


Van Buren—Comb Bw; “<. 2338 1:50 . i a 312 ae a 
Comb.Sw. . Hyde Pits 6:59 wetie 15.27 pas: le ne 
67th St.  Psarieside a eee  : ae 3.7: es tai 
Parkside Bryn Mawr 1:0. 1:32 5.05 eh Ree 
Bryn Mawr So, Shore $121 1:33 3.1 120. 
So. Shore Windsor Pe, 1:36 1242 a 84 120 
Vindsor Pk, Cheltenhamls35 - 4;47 — %6 . 12h 
Cheltenham 83rd St, “2:15 1227 32.86) BR wing 
83rd St. 87th St. 1:28 1:40 8.35 ASO: We a 
é7th St. Sonth Chge.2s18° 1:50. Se Bee pe 
Kensington—Stewart Rége, 

2t02 » 2:14 
Stewart Pidge-State St. Prager: 

1s".  Fas2~. 


State Ste”. Pullman 1:26: 1:87 
, DPullmanPlano “Ede | 4g 86: 
PlanoceAshland Av. i235 ~ = =1843> 
\shland Ave.-Burr Oak ls32 - 1344 
Burr Gsk+Blne Island 1:31 “1:43. 


TABLE 2E 


‘ 











TOTAL SALP DATA + - GOMPILED 


" foodlaw < Soutti chgo. Blue Talend “gee 2 Blocsucor 
‘Lecal trip Express ~ Express (a) Exprese ee ea 


Mme for Ran 24 mingdO see, Sl min.S0sec. 47 min, BO se. SS min, 20n00. 6emin, 
mim, end sec. (#) 5% _ 2 Meee. 
Schedule speed MPH 19.7 24.6 24.0 Co  Saeee = coe ie 
verage ¥.v. per car 124 oF aoe i ee a ‘= ag Sees 
Watt Hrs. per ton mile ; ; ok me eee : 

126 a ae " 98 2 da oe ' BS 


Average Pisld less. 864 165 820 oe 760 
ver motor-ratia . s ; a 


~ 48 at ; : , P 
- Ma 2 





TABLE XI (eont.). 


a, | 
Hocdlawa South Cheo. Blue Island Gram & Flossmoor 
Local Prip ' Repress Express (a)  Bepress -- Bxpreas (a) 
F Average armeton:. 2070 2520 ; 2410 " 2220 PAY) 
* loss ner motomietts F th 
G. Rstio of Distribution a 
2.40 3,05 | 2.95 3.30 “Babe 
H “om Rise peg. Cont. rian 
"Fields 57 59 - 62 5A 60 
1 Temps rise, Deg. 6° 6 67 63 6? 
‘Cent Armature © Sas, 


eo”? 


‘PpROVISLIO TAL SCHEDULE 








bie 


There is provided in ®ables X and XI suffiotent data on running | 

times to lay vot the new schedule for. electric service, - This new schedule; : 

is the boesig for determining the magnitude of power venereting and distrtbation 
systems, This provisional schedule is shown in detail im Pige, 29 20 nat 

in e semi scrapie manuer, The varto is trains are rmunberedy a4 also the : 
number of cars per train is shown, whe beeing of arrival at any station — 

can be obtained by: using these sheets in conneeticn with the ranning ‘ines 


apis ] 
of Yable x. 





This achedule provides for a 15@ per cent increase in seat miles, ) 
a 76% increase in the number of trains,and a 50% increase in car mileage, _ 


as compared with the present operating schedule with steam service. . The e s * 





See. 









to preaont traffic conditions. "The sévantages of tre 


service are 80 Feruaccted important +. attracting 1 


a 

J =e 
Re 3 
43 





- 5O~ 


ig 
e 
ian 


ah 
any 












electric services is this: revrast 


Ts 
Certain changes ae the operating not : 
are sdvisable to provide leas asad mileage | and 
would ba the case if the siectris trains. wor ¢ 2: 
ag at present, Phese arc ‘considered, 4a the. 


relate to the elestric —— service for, the ‘verlag adores 5 














PrOssiHoOn sims mai, 


fetal time for ran 56 nin, = wil ste 2 2 Le 
datas Service res Leaves pandolph St. on. the Bout ex ap 
3:00 4. HM. ‘Two trains onerating. 
. frein 1 starts 4:00 A. » Rendolph stops 1486 Yanotsh 
train 2 eae eae ee ; 

Rush Hour Service: Scar Trains. 


Leave Flossmoor 8:27AM. Leave nendsigh 5:45 Pu. 





BLUR ISLAND BRPRESS rug -uneet TRIG saat 








. neta 


Total time for rum 46 tin. all atops Jaysovers, 5 mine spade: : 


uw min. Be Ie 
regular service:= Leave caddolph on the Lalt hour except at 3:30 Ads 


and 4:30 A.M. fwo trains ovesaiine. 
4 


train 1 starts 4:39 A.M. Blue Island, Stops 1:16 A.M. Blue Island 
z " 5239 ALM ee sg ott * 2:16 eis be ed 


Rush Hour Service:. 3 car Trains ; 
Leave Blue Island 7,21 4.M, Leave Ramdolph- 5.55 P.M. 


: 








SOUMH CHICAGO AND -GRAND GROSSING RXPRESICRLMOMNIG “SRRVIOR 


Mhie service ts comosite. A trqin runs alternately, firet Soe 
South Chicage and return and then to Grand trossing and return and rem 
peat. , Shie enables « complete double FOR trip bf be made in ce 


hours ang results in @ minder mmber or Seaiod being required 4 for tip i 





servica. 


Ah a 
Reece 





South Obicego= otal te ‘gah: rim 31 1/2 min. ay oli: ieee” 
Grand Grepneney foes time for ran. 21 min. = fe tse lay= ; 


ie 


Regelar sevvicer leaves adopt he 1 nin, and: 40 me after tne 
hour to South Thicago, aml 20. isin, and SO atts after the howe Ho rok i 





Crossings Four trains: spore ima ei as Are eed, west y oe ca 
Mrain 1- 1 oherte 7 610: AK, nandoigh 2 stant ‘tr; 1 vi u. 2, Tandol ph 
2 #. 344M, Grand x. 9212 BM. Grand X F 





5” You Pil, Randolph. fie 9018 Fs - 
4, ” 74 Ay South cage. 7 Sf ee Pelle South mee 





‘Rush ts od carehoein See ‘Polloming pages on 








—— toon, mare ~ = 





rote tine for run 2 ain, a Lapeovere 6 santos 
Revular Servicer leaves yandolphi Ste The, 22 1/25 37 er ean 32 Ye 
mimstes after the hour. a Your trains ‘operating. RNA Ge ae Bs pe oe ne 
| ‘frain 1 starts $207 1/2-4.M. Randolph shen $102 1/2 Lhe santos 
2 6922 1/2 A.me Sees ts ae Ur ea 
oh -as87 1/2 oom 8 cee ORE AE lie a 
4" 6x62 1/24.8. 0" 1EAT T/2 ee ce p 


Rush hour pervice:s fo: give 5 mniaute voatnay northbound * caaead 7105 ile: 


to 8:55 4+us and southbound from B12 Palle io “152 pan. aS See forloving, 








‘RUSH Hota ORRVIGE = ‘TigoMIO 4 -ormeTOn. 





. 


sertain date hae already been provite? etating: to. post oar a “8 : 


service. The. yush hour t’sine are operating. as extragent &o not Intom 










fere with the raguler train. “schedule. _ These extras provide ‘corvios 
according to the provisional sonedule ond neter mokkine a rap are dine 

nour. trip. That’ mot righ hour trains make tys0 and sonet nee 
paying trips during any rush hour, ‘The mauner. in Oh babes thle ie) 


plished during the A.M. rush hoor is Andicated ia the noble aa 





nae OF 6 





hay cae Hint) 


for the rervlar troins, the ~oximan number of oars operated Bee 
during the rash ‘nour, at whieh time each train ie ‘composed: of five care 
b 
is 6¢% as followsz~ ood tesa Local 20, Plosamocr Ben. lo, Blue feet 


Txp. 10, 90. Chisago and Grand Crossing Boe 206 ae ee 


For the rush hour trains oporattur nacording to the method, of oS 
‘Noble Xii, there is to de provided 45 care. ; he total number of care a 
necessary for the provisional schedule in therefore 105. It cant ; 
reasonable to suppose that ov ing to needed heavy repairs, | 2 cars May not rae. 
pe available during a rush hour. However all licht revair, inspection, : 


and clesning can be arranged for between yush “ours. 


It le necestary to provide then 110 multiple unit side door cars 
to satisfactorily porform the service according to. the provisional schedule 


of 154 % erester seating capacity than present: steam service. — 


4 


~ S3~ fae aes : rae 
a re . 4 
$ 











Leare 


Foodlawn 
® 


al 
So. Chicago 
Biers ak ; 


Grand X 
Blue Island 
So. Chicago 
Yoodlawna 
Grand X 

Woodlawn, 


.4 > 
voodlawa ¢ 
Grand X 
Woodlaws 


Se, Chicago 


Yooilamt 

ch 
So. Chicage 
Plossmoor 


4e a further comparison ‘of the staostte service vesed. on tne 
provisional schedule, with the present. iain service for ewmer mes aay 


there ig prepared Table ZITI below,weieh is to be compared with table 1 


page 14. 


eer ey «me 


F183 





7:18 = a 


. 


7:28 
7333 
7339 ne, 
F221 ees 
7:39 . ue 
7:48 8 
7:59 i 
7:58. 





6218 
6:19 
8:18 
§:19 
8:28 
6:35 
8:59 - 
8:27 


eee eee Ge ee ee 22.3.2 2% 








COMPARISGN OF PROPOSED ScHUDULE ¥OR. simenetg. 
SERVICE PITH PRESENT —  SOEDULE 









CABIN. XIII, a ee - 


Yeodlawmm So. Ghgo. Blue Ié. Flossmoor Grand te : 
Local Express Express Express Express. 


Randolph St. to Yoodlewn So. Ghgo. Blue Id. Flossnoor - Grend X > 2 





Distance ‘miles ¥9 RS 18.9 2A9 BS 
Time mianted 2 $1 1/2 47 (eo) 5648) RR A/a 
Ihanber of stops pS ae 14 23 fa) 21 es) oa 9 ie 
Length averages run 0.55 0.92 0.82 (a) 1.20 (8) si 1.05. oe 

miles : Sk eNO 
Schedule Speed M.P.H, 19.7 2406. 24.0 (3) 26.6 (a) is 26.7. 

; 4 BG a 

Number of trains per 94 39 rt) us it. Bee 
day each wey tes : Br ogkn 
Keadway minutes dur- 15 - 30 60 60 Sie 
ing mid@ay ee | 
Headway mimates dure 5 16 50 280. 16 
‘ine rush hour ‘ . 


Express headway to 65rd St. 10 minutes 
Midday 


Express headway to 63rd St. 5 minutes (two of 2.1/2 min.) 
Rash Hour ; 


Total trains operating each way per day 209 


ote: {a) means stops at sil stations south of 53ra ot. 


The. sar mileage for the provisi@Wel schedule totals 16860. per 


wumer week day, dietributed according to the following Table ATV. © 9 
Cea a4 ‘ : hepesy 








- 5a 





ao 








BS " DISeEIBUNTON OF OAR ® “MILEAGE < PROFESIONAL serait. 
a. WEEE. DAY. oak a 


« 





"oodlawn Saank: ie : 4050” ah ; eee : 595 eu: : 
South’ Obleage Ripress we eS 
Bline islant ixprese 2849 Se See ae Tee oe 
Flossmoor Grpress 5710 at a 
Grend Grossing Express ee 2300 eS 
Total car ne fea. ‘16010 





ete a Sunday = Holiday car nileag 


.° « 





week. aay, thers will te operated per enon 56am on vaten, 





This le a very niga oar aiesen ‘is expect to obtain in suburban 
‘service with 110 carsyvhen tt is considered that be ahah aie 
sare sré provided only for rash hour service, Ee nena eeah car wall ; 
average 49500 mile per year or 187 miles per day. However the sbuatty e 


' of an electrically equipped car to aides such service with seaacueh 





maintensnce gharge is’ mquestioned, 





RROALOULATION OF LEMON OF TYPIOAS tw. 


At an early point in this study { page 39 E it wes calowlated es 
that the length of typleal ran for the present steam operated auburben : 
ssrvice is 0.615 miles, puss) leneth of typical rm for provisional = 
schedule of slectric service is, 7 oe 


Gar miles per day = 16860 <= 0860 miles 
Car starts per doy T9800 





SUB STATIONS - 600. VOM DIRNOE CURRENT SYSTEM. 








The proposed location of substations is shown on she diagram 


of 690 volt  Matrivation Fic. 45. They are. situated | az follows: ae ay 


cub station wo. 1 12th ot.————-----— 3,1 alles. 
Oakland ne 5 


on Syl 





3 
F 
fet 


& is a 


Windsor Park 


The sstual loestions are Pie be provided as near as practicable 
to these pointa, With this Tobutibe: the voltage at train will in 
no case be less than 450 volts during sccelorstionyoven during vonuteat, 
rush hour period.  . This assumes an average voltage of 650 at eub © 
_atetions (convertors compounded 650 = 600 volts) F 0 DB. special 
rolled Sra vail with conduetivity .040 onums pee; miles: Se Fail thea 
together at intermediate points through je Ge or olronit bresicers ‘as . 

er ateaven Figs ‘AS. end investigation: of seh ‘station. losation a 
standpoint of Kelvin's Lew of energy loss ‘nas side been made in this cess : 
Im all similar cases of which: the writer de smere, eonstdoration of we tae 
lowable voltage drop made it necessary rr) piace’ sub stations nearer ‘to BE 
gether than waa show ‘to be desirable dy Kolvin's Law. For. thie 


resson sllowable veltnns Pied is made ‘the seirgiedi od untae ee Ge 


su m smanIor “vse «IE marie omrartna 
COO 1 OLE . Sysren a Tae ie 








Sub station eee re el ith sae 





and to -aximwn swings. “whe former are of such nar 
7 oy peice - 

















as to effect. operation of coavertors by sonaiue overheating, the: latter 


while lasting only £0 to 20 seconds ones commitst ion ditticulties 


The sub station loads ang to the operation of tretus — 


the provisional paises a8 8) pown for both winter ond ‘ we 


At 


operation in Figs. 29 te 44 an nat - Phere is alse ‘tooluded ‘ 
load curvé an estinete. of wnazdioun 10 sé¢. swing assuming esr Lights 


heaters operating. In ‘caisulating these load CULVER y thace: ts ase 


a 


used an average crop of Witage from oar to sub atation of 69. volts : 


the average volte at sub st ation being 550. = Galovletion a several 


instances taken at random has shown the fatmecs of % his eattates 


2 aR 
Appemdix discusses the determination of these sub station load curves. 


A b 


Sone of the results in the Figs. .2 tose ae Bre vaospi tainted in esti 















Y 
ABLE RABBLE BY 
SUB VE x DAY WINTaR 600. your “SYSURI - St hae 
c Dine T° TAL ‘SCHIDULE. weirs 
Sub station Average Kv. at 630 Volts i 
Widédsy A.M. Rush PM. ‘Rush Max.20 2h he : 
56C. sks average 
Weo.i..L2th st 1015 27650 Shao 9100 1170 bs 
% Oakland 860 29°70 BESO i S MBOO So IO: 
3 Woodlawn 1100. >=" R680 3620 7300 1048 — 
4 Burnside 500 1020 1160 5200 ee oie 
5 Riverdale 290 750 640 MOR So gee 
6 Homewood 150 | 370. 499 2500 160_ 
7 Windsor Park 340 = 970 46 ‘4600 - 3E5 | 
ie ie 
Modern standard design rotary. conver tora are opens of carrying : 
a 200 % overload for 30 secontte. ‘this bands there is to be Prom = 2 
‘ * es ; 
-58- . 





vided at the various sub stations, the following rotary converter ss . 


equipment, th nals oase ons {eps re mt is ene 


12th St. he 1000 ale 2 





Sub . Sta ry £ B 
nt £ Oakland eine LOOG 
e . 8 Wocdlawm . 4 = 1900 
4 Burnside 3 = 1000 
nt ‘5B Riverdale 3 = 1000. 
® 6 Homewood > 2 =.1000 
” % Windsor Park =. = 4000. 
fotal Kiwi 25000 Ke We 


At sub stations Ty. 2, ana 3, od elem agerage load ine any 
half hour determines the equipment. at other sub stations moxie - 
ewing determines sizd’ of untte. The partiouler size of rotary coe 
vertor adopted, 1060 K.W. will give best results for all day cperation 
according to the sub station load curves. : mhey are adopted for. the | 
outlying sab stations .Where 750 K.¥s units micht gutfios on account of 
the desirability of having uniformity of epparetus. The extra reserve 


may be valuable for handling special beskegis vig mugs 


The preceding discussion has been with the idea coatestorase 
batteries shall not be used in sub stations. An ctadaad study of the 
appliestahity of storage batteries in this case (See Appendix ) hes 
shown ttat they are not Aoei basta from en economic atandpoint but tat 
dn the event of future extensions to the main Line tracks in the cledtrio. 
zone, the advitional losd ¢ims occasioned oan best be handled by the. 
addition of a sompr cheastive ‘storage, pettery sapdienxt to. the then oxtet : 


a 


ing sub stations, 


E55. 











fO"4L OUTPUT, 600 VOLT SYsta.G B69 Bo MOTORS, 


From the sub station load curves it is posal le to determine te 
load ciirvs and total outnwt fer the entire eystom with trains operating 
according to the ‘provistoual ashedule. This total output curve. 1s show 


in Fig. 60. The curve marked “traction only" is taken from sub station 





simmser load eurves. fhe following are some of the itemsused in Ohm ‘ts 
taining the valnes of other loadsa 
= : 
Gar lights per car 3.2 Hw s 7 
Z0—16 GP lamps at 60 watia : 
S052 cP ." "120 8 
Gar auxiliaries, per car 3 2.5 
Pump motor (average) 1.5 Kw 
Control (average) 1.0 Kw ‘ 
Heaters, winter only per car 15.0 
Converter and Tranaformer losses (avg. 5.75 4). 
Hish Tension Crangmisston 400 Ky at max losd 
iga0 Pactor..58 Loss Factor .1$ 
Passenger and Sub Sta, light'ng (60-%) “- 400 
from metor generator at 26th St. 
Blowers ani: signal systen. ae at 
a 





fue total winter weak éay load ta asyz00 Ke Se The 
total summer week day losd 1s 125,600 £.%. nee, spewning. 6 weak: ey = 
load for Sundays ané@ 20 weeks of winter load and: 32 weeks of ereanbs- aA 


the totel output per annum is 46,485, 900 E.v. hrs. from power namse. ~ Shae a a6 








COMPARISON GF sanERGY ——_—— ake a A 
DERIVED _. PROM ——— BvE Ua 











Phe sotal output Per Gar mile at Sra reli, ‘tor treptiion only 
is 4.94 Kew ° bre. per car milesas. determined fiche: wnoing totea var miles 


operated and total energy for traction ssoording to Pe, 60. 3; me is ns 





- 60. 5 : iS VE tee ae ee Do eres 
ij ie Pie Sy 





& patisfactory hag date with the value obtained for a typed » ron 2 of as 






.86 miles (see page 56) which is 4.85 ZW. brs. per car mile. 





tt sgblove: then that in the te a oF other vy of 





in Fig. 62. 


The arrangement provides for ae e 





ran turough to any pub station, he une. of fo oostes, 3 pean. 


“Ynstall- but one, on the power house end of each tiie 
oe 















Stesl poles are assumed for all lines ass 
Distanes between poles on tangent is 150 fect. Fig. ol shove 
detaile of the high voltage vole Line north of Burnside, 


The average loss of voitebe from power sities a as 02 
to substations during rash hours is on the basie of 9 power Paste 


loads to Voodlem 110 volte, to Oakland ‘e3rante, to lath ate ee 





aaguses all conductors in parelel with aati Lines fecaing from out Lott 
via South Ghicege. the voltaze fexulation ie 7 A average at i2th ste 


Teds) st: ation and lesa than this at. other sab etations ‘during rush hour 


This. may become S 4 for a peak flactuation during rash hour at 12th st. 4% 





THIRD 2ATL S¥StTHN 600 ou _Srerat ie 


The Sprague “Algue type of third rail te elie ise ente. 
system. This is em unisreomtact protected third rail providing mike 


"rain equipment interference and Le in use in the electric zons of the 





Wew York Gent val, the West Shore Ry. between Utica and SYTAsUse, ew 36 i ee 


York auburw ard Lansing kh. Ke. and Pui ladelphia Rapid Transit Slevated and 


subway lines. The most important queation ie that of see eros clearance. : 


fhe limitation on third rail position for this road oceurs at the overhead 
crossings whewe bridge cussete permit a msc Sonm distance of 33 in, from | 
the center of third rail to track gauge i fne. . This -is 4 3/4 in. greater 
then the eimilar dimenslon for the Rew York Central Electric zone and 1 ix 
greater than in the oase of the West Shorea Re RR. The lotation ig in 


fact the greatest distance from tradk rail in ase ty any pagatae Ana 
will,se far as the whiter te aware. »permit the passage of rehe ‘ever ps cars | 
se PS . 


\ 












likely t¢ de offered the anes = % 


‘Itis pevttoutarhy trtmnta¢ 


%.5 times that of the sgauverend ross oy of coppe: 


5 os 


including bonds will be about £041 ohma per mile. E 
C.u.. soldered per joint, 18 inehes over ail lengtts on 







north of Woodlawn. Sonth of this point where the 5, Frenenay ry j Bei 40 m 





less, & Gheaper method of switching is. used wntoly nevertheless provig 
for nearly the seme flexibility of operation, opis 45 hows this method 





“of switching.  Borth of 67th st., ‘the mettiod is the sano ca ‘able in the 








electria zone of the New York Central Re Re mie provides for. e ross con 


nécting, the third rail at tw0 points between sub stations by seams ef 





f 


interconnecting clreuit breskers that trip aubomatioslly, but eee capable a 


of being operated from adfacent sub stations. ‘Ju addition there are ros z 





ie See 


Fee 
Ae Be 


x 


“ 


Ce rat 
2 


> feb : 








RETUER OIRCUTT es ies ees 





Owing to heavy current to be earvivil it is necessary to vse ‘bot 
rumiing rails for tréck return, The signaling must be done in a manner “ ce 
that will. permit this. it is best accomplished by prevadang alternating f 

rrent for signal purposes ;ant sectionaliziug the track a8 regards: this” nee is 
current by means of reactance bonds that permit passage of direct current ae 
for treotion bub are high reactance choke coils to the ui tewaston ga ae 


circuit. 


Fige. 2, 3 and 4 show the weight of track rail on verions porthens: 
of the line. The Blue Island and South Chicago branches are in poor 
condition as regards raile, end it is recommended thet 75 1b. raile be 
relaind on these lines at the time of installing electric apparatus, 

There should be at least 500 000 C.M. bond seation et each track veil i 


jolt. about 30 000 Joints mst be equipped in this mamer, 


The extent of cross bending is dependent he ies the signal ate 
layout. On local tracks from Randolph St. to Kensincbonyerossbonding 
can odéur st signel positions, bout 1500 to 2500 ft. aport. It is : 
desirable to cross bond express tracks at these points ae well i the 
sigue] system will permitsend to tle the four tracks together every, 2500 ate 
by meang of a 750 000 om. bare cable lala trans¥ersely mith the treake. e Se set 


South of Kensineton where block signals are not wed, eroas donde: of age 


gregate 750 000 cm. should be placed at intervals of 2000 ‘ft 








nimiwtiling suburban tracks, on the se 


ne 


ae : 
would de oneecas to install 9 sincle ems ont eet 





the present # tall sivnale than to invest. jn ae costly outlet for alternating 





current simmeling. ta Ne aigeh ge es eer = 3 











CARS © 


For electric service operating “pocording to. the. provietonal 
schedule of Pigs. 29 to 80 11° cara OF smltiple clas door type are neodet, | 


Details and dimansione of these cars are shown on 0G? oe and 






Table IX. Certain slight construction changes mst bs sae ia kee 
te = 
apparatus mast be removed and lickts and heaters > installed. 


+0 adapt the present side door var for olectric. sorvice. 






moterman's eab is to bs placed ot sach ond of car. om is ecenmcnited 
t} het the brake rigeing be chamged to vont inghowse alex toting ate 


Brakes with graduated releass Jahednle ei Bebe on all present esre 2s wel a 





as new equipment. 


In order te east a esas side ‘aaer cor tor operation as a 
motor cur, the moat exteusty ve structural ahange pecoesary is to reoomstimet 
‘the body be@lster ai one and in order to, accomodate notor trot wttn ite 
two motors, Fig. 65 shows, a tentetine lesiga for this work, in the 


new cars to be built, somo other method of saderfrening mast be worked Lass 





ovt thet will more easily adapt itself to use of motor took 





The car liguting Is to be arranged ia clusters sider to resent 
Pintech cas Light: ; In add tition, thers Ls ‘to a provided a row is Lights 
along the slide of car above the door shila. . thirty < he CPs. amps vite poieies 


Holophone globes suffice for the eluster 5, aad trent 16 crear Lemos ten eu 





frosted bulbs for side Lighting. atees vic heaters, no be. installed tens 
versely under the cross seats, i qnits sindler to type 115 v suppliet 
by the Consolidated Cam Heating Vompony are necessary. tach car ‘a to 


be. fr wrnished with two illuminated Cestinstion signs= acaibenr reas ep tot 


. 
¢ 


Ss ee 


ee 


ig 














horizontal,’ bai eae for an ‘electric are 


shove the hteanabisireid ‘of 2 aly  enudnood = motor ca 


Fe 


Taited states, Shte. fs © comnenty onlte 


(200 FiP.)%. The New ‘York sentio uses 


adockull the solid ‘eae trek: = preferable, 


at speeds spproaehing 50 ul iP. the u.0.5, type is a ; 


also that at heavy oe and braking fare: 





58-8 dears rpoommentiation tt +e ‘atviaenie to. ase the sousa frame tra 


Pate A 
ba 






for slow speed short run “ened ‘Thos for the G5 69 uotors tor the 


Loudon Underground Plees. 00. equimsente, the solid. frame was chosen, Sings: 
the maximun pull per trock is 11000 1b. dorian: scceleratjon, wherons aoe 
for the west Jersey end Sea shore Ry Re, we RC .B. heslen is fustitiea since 
the waatimum syeeé is above 60 UePeBe ond the mesckmam pull per tencke ie * 


but 6000 1b. during eoceleration. 8 . 


. 


In. the oase of the I. 0. R. &. “puburben cars it coone ‘aviseble 





to elivers to: teM OUR: Gaeta bnilt ‘soc0rding to the e folloring sete 


fieationsy < a ae a ‘ 
Wheel base - pre / 90 in. = 
Wheel diam, te Ae SOAK, re a a ee 
Height center plate above par 62 in. BI Ss Pee IE 
Height side bearing above rail 80 in, ae eae aes. ie 
Gen. to Gen. of side bearings 61 2/2 in. 
Weight of motor on transom _ $600. 1b, 
Forque of moter on transom . 2590 1b. 


Probable weight of truck * ay ib. 


| ROMER Hoven = 600. YORI Syma. 





It is not the intention to diseuse in detail ‘he tesion a 

& power house. There is 2 strong provability that the Somonvealth — - : 
CG such ; ‘ 

Edison Co. will supply power at a rete thet the advisability of a power 
plant wonld be debatable. ‘This is especially true for the first five 
years of electric operation daring which time it is assumed the traffie 
will be @eveloping from ita present extent uo to'an amount as per the 
-revisional Sehedule of Fips, 29 to 49, The rate ct which the ‘Comon- 


wealth Edison Co. world suoply pover would probably be 


bs 


ey pe 


























1/2 © per Kilowatt br plus ko oe 
$15.00 per year per ny OLS ainate maxim 2 deren. 


x 


This brine the aoe very close re oo a = br 


load factor of iB (See Fige 60) Ce A Beas ae 


to ue provsitoiel schedule. 





Generators, © 
3=B000 1.7%. Turbo congratonay, = oratory, 0p Tatty 


dupa connect iby 


’ 





This. pe sa 5 


howr with one wat tp Sesarve. 


‘poilersy eecle oe 

: 12 = Sater tube time ats aonigat 

ooase Rie ce fhe ofa ouch a 19 «18 

ei - each, 
heats 


2 stacks, 
es Leena Fe ae 250. 
altisteny baie le wee: 


cravi ty of Dace of sha ont tro syste wisn : sate close 





Th 








COST OF EQUIPMEN? 600 VOLT SYSTmy, 








In the followin: 2,are cost estimates for ths. vequtpoont of he 


entire suburban Zone with'the direct current third rail system opersting ee 







at 600 wolts,— 242 69 B motors per car;based on Provisional soheds 

‘hat provides for 76 % increase in uuther of traing, 50 ¢ tnovease ia 
Gar mileage, and 154 % increase in sent mileage above ee steam : 
echedule, Cost of wheat ayetem end es track on south Chicage : 
“and Bluse Island branches is not included, Pena esmumed purehsset trom 2 se 





Commonwealth Bdison Cou. 


Transmission Line: - ae ig. 0 A oti in cata tea mala 
57.4 miles 3 phase line 2/0 cable ==  ## § 240000 _ 
17.6 miles 2 circuit line, 7.4 miles 5 a tes oe 
circuit line. Stecl towers 150 ft, apart. . 
Switching to bugses ineluded, Sore Semen e ge were ghee 
Sub-stations: = ears Cees 
7 buildings with 23 - eed KW. convertors, 846 900 


transformers 
Phird Rail: % P eos 3 
84,6 aiies 80. 1b. special protected, type oo 520 oe He 
Feeders end Cirouit Breaker Houses} - = 1S 69 ee ee 


11 miles 1 900 000 ¢.M. 8 sire, breaker housed 
and control, ; aie 








Bondings— ie re ee Ce ea 
84.6 miles ‘alagle track Ee ee es 
Cargi- Ce eG 
Razidap ines 1? side door cara with motor eqnipment cote Someta 
trucks snd compressors $119 000 _ Pot ae ae si ee See 
93 new side aoor cars somplete $1 125 300 | ce 
2 Work care 4 motors each $27 000 fs 
ae ; Bet rss 
Baek act 
Psa pas , 


=-7- 








Passenger Station lighting Ee $ “9 000 
motor generatéers at 26th st. Outlying fas 
_ stations: from third rail 


Inspection per Repair shop: extra equipment Bo 969 





Total (not inel, signals ot: power ee 3 290 S00 


vith power plant ada: extra for Tratienission 





line 51 000. 
Power plant extra (sbont) 1 400 906 
Total incl. power plant. ¢ & B41 B00” 


= Fe we 














DIRRC? CURR 600 your Sona me.orne a ; 
MOTORS . WITH FORGED TENEHAESOM: < 











The use of forced ventilation hh valley uotors eoonve with 
the equipments of the Detroit River Tunnel Company the. Seu York How 
Heaven and Hartford R. R,, the Sarmia Pinned. looonetives, whe Hotvepol — ; 











Ry. Co. London, “the, locomotives, the motor: vars i the idland a 


i Horedoube=Lencastemdileysham branoh and okberns © o 


The recent hevsispccs | of the interpole vettvag a) : a oe 
made it poeaibie to desian arate current mlloay motors euch that the 
full benefit of forced ventilation is attetaable, a tt is ‘eatirely ‘jones 
tioable to doubls howd ontput of & ‘moter both for Sontinuons and peek 


outputs by the use of. forced ventilation provided a Intemetes be weed 


K.P. each Curing dda lesuth wie . ‘mite Introduces « a , greet a L 
cost of equipwent and a considerable lesa in gost of power 
‘ reduction of train welgut. by $ Golan” The extra oxtpt for 


lating motor would be about 165 Ee er Oars 





fa 
ry 









& 


but a slight cost to reeequip them with train sing rises, eaters ote. 
The control ‘apparatus must be more liberally desia 1a. 8: 


up to 7OO amperes per motor mst be randled during’ apceleration. The 





weight of blower motor outfit will be 400 Ibe. and ite cost about #200. 


Two 150 K.P. frame size interpole novoreynomnd to. operate . Coe 
with forced ventilation;and thus become nominal 300 H.?. motorsywill cost 
about the same as a double equipment of G z ry B motors. However pee 
only two thirds eas many equipments are necessary; that is, of the | 
- 110 total cars, tut 75 need be motor cars. This ‘seems: to be the vest 
' equipment for the service, since considerable difficulty wilt be found: in . 
providing space for ventilating ducts with the 200 H.P. frame size Si a 


interpolg motor. 


In addition, the 300 H.P. cubput during acceleration per — 
aotor axlep is about ell the wheels will stend without slipping 
waless sand be provided. at this output the percentage of adhesion — 


is 10 % of weight on motor axle. 





su Bien 
- 


Trains of various lengths would then be made up as 


Pollowse . 
: No. of motor cars. No. of Trail cars 
i car train ‘ 1 tere Choe 
2 car train 2 A) 
3 cay train 2 $ i 
4 car twain z 2 
§ ear trein bs 2 


Sines. the majowtty o? trains during midday are S car trains 
aud during rush hour are 5 ear trains, it will be seen that the ratio 
of motor cara per train (66 ~~60) 16 one corresponding to the inerease 
of power obtainable from the motors ag cdmared with that obtainable 


from the GB 69 B motors. 


. 


, 


Fig. 66 shows charasteristi¢ curves of @ motor with inter- 
ockah to. operate as 300 HP, Machine, when provided with forced ventile- 
: tion. . The t0tal weight of a three car train loaded is 165. 0 tons, - : : 
wiich is $0 be. dompared with a train werent of 176 tons: with the G z 69 


EB equipment, — 


Fig. 67 shows 2 typical run curve for this system, . The 
Snergy imput agerages- 119 K.\'. per ear including blower motors, This — 
is a caving of 56 Z as compered with the G B 69 motor equipment. 


Yhe largest monetary saving oseurs in the item of cars 
: P ie tent a ice 
which becomes as compared with the estimate page EF to be. 

















Cars; 
sitentig 17 side door care. as PEW en rae 
trailers sf $12 900 eR 
. 20 now tratl ears $132 900 
78 motor cars 3882 200° 


2 ome cars (4 notore) bs 000 ei . i an ates 


anmial jetind of ensrey ‘peak due to ‘the use of these BE 
with purchased power at ry rate noted choornere (pase €), ee ie 
addition there is a considerable. soving of mintenanes f ‘moter Y eqn ip 


ment due to the use of fewer motor care. r ee ae ieee ieee 
Bi Me be 


the other details: ot the electrie egsoaent nneloet wy 


ventilation for socLin: motors. 


Attbouh the use of forced vontiati for | 
“motors has not been. given the extesded use ‘boat Se asvantasen vacant 


LRG 





chiefly dae to the very recent development of the interpole motor; 
there is no nalts thatever but thet, it ie ‘the system to use be case 


the 600 volt third okt as is chan for the Ie o. Be Be + suburben 


service. 





DIRECT CURRENT 1200 your SYSTRE 
FORCED. VER EELAEED_ —— ’ 








ia 


Certain engineers have. been : persistent aivocates: of a system 
employing 1200 to 1560 volts at the ear. a | the nae of a interpole 
motor operated tyro in uniide at 600 volte ie ‘nsoessary, or else a motor 
operating directly on 1200 ‘volte mst be ‘provided. m the. tomer case, 
it is neceseary to ineulaty the motors ‘tor 1200 wataieie s one of ‘the 
pair is at this potential relative to ‘ground. hte casos about 2 26 4 
Be ee in outpat Ex) sienna with a stemtard 600 yout sotor ‘of game 





frame size. 4 considerable extra ec as is occasioned but 





See 


straight series= casi tis control or 2 20 oa 9. 








the modified series - porate method pinpiel 
4 ; 
page 48 and enventiz § 4 


bulky then a 600 volt motor of Pug pe 


thet the decrease ~ output ns 


commtated, 





mo ¢hira rail method of f eollecting owen oan be adopted 


for this system. ‘The e51b. third {ret ‘proposed § tor tute systen is 


re es 
$ 





illustrated in Big. 68. © A sitilar third rail for 1200 volte hae been 
dont grams for the Galifornla Kidland RB Re | c: heccae os iis 


‘the: motors can be desioned to possess onerastertstion Sdentical 





with those of ‘the motor for 600 volts toresd draft. ame He 2 
bly weigh 600 Db. more each, and will cost 25 ‘Bmore san te Le zB 68 Bo 
‘motor equipment, * BY oat A hee 


Yor this syste a Astripution systen caploying 1 sxb-stattions 
is. pei in Tig. 69, The aysten, shown will provide equal relisbility. end 
percentage of conductor ae ap dooce the | layout Proposed for the 600 
volt areten. SeePig, 6 “The vomeys convertors would be 1500 Kalle 
wits as follows: . Ni Mikes. 2 ee : 


26th st. , ae as - 1500 Ene convertors 


Grand Grossing Be Hee ioe 


“~Since these convertors must be. ‘wound fox 1200 volts, it is 
evtimated that ‘they will cost lo $ hicher ver Keive then ao the 2000 
K.W, 600 volt wiite, PS = — i 


Ete ruarep cost Ome syovm 1200 vour 
‘DIRBOR- Coen ow Smee 











Soin, followins is a cost estimate for the 1200 volt forced 
that 
ventilated motor eysten nelag thica rel, aaid,ope2 retes Tricine Joventian ‘ 


to the Provisionel Schedule of Pigs, 29 to 40, 


au 


- 76 eo RS 





Transmission Line ) aoa $ 190 000 


Sub stations ieee 690 900 
Third zag. 9 a, pee 598 000 
Foeders and circult control | : 84 000 
a ee ee 
Cars, e LE Te 860 
Squipping re sfae ance Cars a6: y tralere 12000 We se 
20 new trai oars " t raid ~ $15 2000 ae (pane ee 
. “otor cars new. complete iy or ae - $980000 i . 

2 work cars (4 motors) ie ar 30000. 
Passenger ees lighting Lie ESS ime tae, kes :-) 000 
tuapostion end repair shop cyntocont i a Fett 50. 000 

‘y . $2 860 000: 
votal, { not ine. siguale or power aoe eve 
With power plant aaa extra, for Tranamt spion ine ‘81 000. 
. eve pee (about) © 4 ape mie os t ae 2 2 400 000 : 





‘otal nels power et 


; ; s 4 ae Sat ss air 2 e poe ' ie os 
The use of the hig operating potential of 1200 volts makes 


possible an ecoaonies! system of distribution id power froin rao’ 
current power stations. In case the. vallroed company decides to erect 
its own power plant, this possibility: should be oarefully sonpidered, | 
600 voit turbo ettarekers are ia use wD to 2000 KW. size tn Europe and. 
Lael writer believes that 1200 volt Atrest ourvent turbo generators sould 
hs furnished by Anordoan manctaotuners | in capacities up to 2000K.0. 

The stemdard metiod of construction sola be used or a home polor generator 
adopted, — There is ae. opersting 3 a 2000 KW. “hoaepotor generator 
for 500 volte and the possibility of tite type shou be ‘oonstdered. as 

me 


a 


om 





It is possible to erect two of peek airest current senrating 
stations, one al aera St. on the Lake Prost with otgat 2000 rv. units 


and the other at Riverdale with 22000 KU, unite, me thirds rail 1 sytem 






mst be reinforced with feeders to sive. equal conduotintt | 
th the system employing three sub “stations, This leyoxt a sora aoe. 
Pe « 70. 


Me reliability of t operstton of this eyoten is not Fs axe cae 
wies aon be exppliea x 
from the Cqenrewenso Edison C06 in case , of energency. | the works 
cost of power also woke be about 70 per Eta, a8 camperet vith gy 
per ZX. hr. fora aes power plant reoaing @ 20,000 volt a 





that employing 20 2209 volt high voltage ‘lines 





systex, On the other honda, ‘the energy output per amma for this system Be 
is dsoreased 10 % due to elininati or of rotary convertor substations, 


ni Ls 


& further: advantage of. this syoten employing tro direet cur- 
| rent power houses is that the 4508 Ste power house can be. built ais 
and the entire north end of the system to Grena Oroasins and, South / 


Chicago can be placed in operation before work: ou the south ona is seem, 
Boy: ¥ 














cermasy oe Goan. 1200 a ae, — rs 

















Passonger Station ligbting- 8° HO 
Inspection snd rooade sho cudnt Be 000 ; 


Pus Waa 


“total aut incl. signet or bacoiad house, 








Two Power plante (about) . 


- Rotel Anol. power stsst a8 








_ Edison Company. 
- : ; ‘ 
used by the Kensington a Raster Re Bs st te catenee Lake shore 









and South Bend Re Reg the cars of which enter sd atetner 


aysten be aaontoa tor. 
usé by the I. G. Re Bes these traine can center: ‘Culeago under their a 


tracks from heniinekiny If the single phase 


own power. 






It is difficnlt %o provias a. nated 2 ovorhesd, Gonstruetica 


that can be sasily extended yin case the main Line rose within, the 





suburban zone be equipped for electric operation, Such. : provision a 





‘was predidted early in this study. There will alse arise ‘difttoulty 


y 





in obtaining perniasion aa) erect. a structure: over ‘the ‘tracks from 2th 


St. north on accomit of the outer parkemay 7 aessrannt, with ‘the Seale oF 


rs ee he 





* | 


Chicago, © There le a Léabie to be considerable apposition 
to th 6 erection of ‘an ‘overhead line for the trooke on the lake Front 


from Bord ate ‘north, Xo natter how substantial ve ‘the costriotion,, 





the overhead work is pound to be > mages 


Se 





track, two uh strustures to. be in fine ore a. to Yen bore 


ns 

















an 


than Fordham Yard, the end of te tana te Love Tor his reason 


no Proviehed: = 28 been asoumed, for main Line begin! head structure 


south of voodrutt. (Resept, in the ontinste 


and avxiliary 0000 i Be wir 2 
from 5 = 16 in. messenger shee 00 tte eae Moc 








"3 shows the vethed of ae 





current ‘mratinia sf ‘Pie. 





heat trolley for this system, 


~ 62@~ 










- Phe tine « of overheed construetion is oh enowh *0 ovett 





local sodand ot at 2th St, yards but the aigfionltios are » comparetively 





slight. Altogether a thoroughly satiezoctony scheme of overtead 







construction can, ‘be developed, 





motors as uped ty 


and Amapette, ays end 


BT 


current control (aint D 





NSTIMATED COST = BLE ZIRG cu = 25 CYCLE 








SYST e GE 60S OR "GH. 1468 Morons 











Following is an estimate of sost for equipping the entire 


suburban system to operate according to the provisional schedule, 


“@rolley an& bridge construction - $886 Boe 
57.8 miles of double track @ouble catenary ; 
Steel areteee. 5 miler single track steel polos . 


Sectionslizing apparatua aie 11 400 
Transmission Line 2 = 4/0 cables 37.8 miles 69 000 
Cars, | rsdatine 22 i A OG 

Equipping 17 side door cars as motor cars $238 000_— i 

; 2 O35 600 

95. new motor cars oe 7% 000. 

2 Fork @ars ; $0 000 . 
Bonding, G ae se py ae | 600 
Passenger Station 1Agutin: a ote 
Inspection and repaiy Shop eqair pment 4 : . 50 000. 
Switch House at Woodlawn (for Edison eomestton) ; ieee 40 000 


Total (mot incl. stegals or power plant) $2 879 900 


Power Plant {about) © i eee ; 


Totel f = . ” 200 


The totel power output se ‘gant with this syston Pr 34 t . 
greater at the oar or Leep Sreater at the power house than the. output 
(See Fi ig 89) 

with the ¢ % 69 B motors on care, The naintonance of electric 
equipment will be more than doubled due to the use of four motors per 


say each of alternating current type,- Nee . ng fics 





y 


* 





 dnenliiea chrome ‘syvemm wer “ 
FORGED. SEA “MOTORS. as 















| Heysham teneaster branch.” . 1 _ employe two motor r oant wes ts 


largest size available ‘for wee in the truck space. 





fe, 133 motor is aed for a, portion ¢ of fate service ond ¢ 


ds taken ag 8 vasis for thts study. 





the present study is aacumed, worked ae to, 180 002.2. ‘antet the @ “ a me 


Pere ty ee 


6000 Ibs. ‘completeyand ‘the nm ie 





es 


acceleration period. ‘The motor veighe: 


electrical erctrnomt for a notor car votes oe ie. tnetoing 









is 186.6 tons. Charectoristic curves ext mn lla: tractive effort 


ee. 
oe ae 


for mm is 5 ‘seconds alower than that Sinle eetas the ‘time ane Hee 


G¢ & 69 B motors. “Inspection of Tee a7 Appendix a shove taat tote os > 





of two direct ceedes 175 HeP. ‘motors io 5B 8) 3 per car. “For rans tn . 





the Woodlawm local service the ‘schedule eet woald ie 7. ’ wt : ‘i bat 


than foF ettiaqdipment usiug 65 69%. motors. . “Por dons. ans above two 


oe 





miles the equipment furnishes aliently 1 higher « sehedule: specds than | does eae 


the G E 69 B egnipment,. 


otha on ee ee 





It is possible that by a method of Seesaw vhoreby the: 


motor voltage is raised 75 4 shove normal, Ete) that initial rate of sacel- 


risen le Tees, that the oquipnent will eee ae service 










method. The pogatil ity 


is « point to be ‘rie ai bi motor momfecturer. ot Hse mae oe 


service. + 


It is THR 2 or thet some ot be devtaedger om 


>a 





trical apparatus. 


6 








', Assuming that this ‘aiffioulty. oan be successfully overcome, 
the single phase forced ventilated motor system 4s airestly comparable 
with the other systems previously considered. he following cost 
estimte: for trains operating according to the provisional schedule. 
is made up on this haaigin | : 


ESTIMAT! OF OCST SUIGLE- HASH ALPENNATING  GURRENT 
SY¥i Tre WITH WOH, NO. 133 MOTORS FORCED - 














Trolley and Bridge constroction Oe: & - 588 500 | ; 
Sectianalizing apparatus : 11 400 
Transmission line ; 69008" 
Curs . 


Lquipping L7trail cars as motor cars 162,000 1 702 000 


93 new side door cars equipped 1,500,000 
2 work cars 4 motors each 40,000 = 
' Bonding re 75 000 
Passenger station lightine er! a 
Inspection and repair shop equipment 50 000 
Switch House at “oodlawm (Edison comnection) — | 40 000 ’ 


Total (not incl. signals or power house) $°2°596 900 
Power House { about) 3 400 600 
. So. ees 996 900 
Whe energy required for this system is 3% greater at cars 


than that required for the system nce GB 6 B motores and 8 e less at 


power station, 


er es 








COMPARISON OF SYSTEM 


In the following tables showing the comparative items for the - 
various electric systems, a mumsrical designation for the systema is 
‘sdopted as follows: - : 


System le 
600 volt dtveck current Third Rail - 2G E69 3B nating per 
cer. ARE cars motor cars, Wo forced ventilation oF — . 
' % sub stations fed from hia volt line. ht 


ase: Ze 
600 volt Direct Current Third Rail. = 2 (GE on lass pe 
car woumd to operate with forced. ventilation. 66 per cent 
of all cars are motor Cars. 7 sub sweations: fed from vk On 
volt lins, 





System 3. 
1200 volt Direct alien Third Rofl -2- 2200 volt interpole 
motors per car wound to operate with forced ventilation. 66 
per cent of all cars are motor oars. 8 see stations fed. from 
29,000 volt line, i aa ear : %, 





System Ay 
1200 volt Direct current Third ald - oe - 12¢ 0 Part tera 
motors per car wound to operate. with forced ventilation 66 
per cent of all cars are motor cars. ‘fwo direct current 
power stations aecadiane! at Fans volte, aa 





System B. . 5 
Alternating Wortent alucta, lias 6 eyeles 9000 volte on Line. 
Overhead double catenary supported iy steel bridges « 

double track. 4 = Weh. Wo. 148 motors per car. Hot forced. 
"Ventilation, Aa care motor Care. - Single ‘power. station, 







System red oy 
Altenmabidg errent’ dauae phase 5 35 cyel: “9000 + volts om line, 
Overhead double catenary supported by s eel bridges spamiing 
double track = 2 Wgh. No. 133. motors per ear with forced 
TRReT ARs Be ALL cars motor | Care. | Strate. einige’ station. 








4 


In Table XVI there is a compertson, of ‘fhret ast of system heal 


enene“* the entire syburben service 1 with ‘trains s operating socordiag to 








over and above that furnished by present steam schedule, : These. 


costs do not include new saat — 3 See page €8 


_DoiAREDON OF. oF PISS? 0sr. See Se a 








| decisieiiy puilas f es a ne 
operates: own Pox y House ae ge “Bilson Gor Com. 





System 1 Set, ¢ “ 676 me a SEAT © 5 2 500 
Systen 2 oe ae biz 500 ey x CaM Pp 22 3 oer 500 ¥ 
system 3 . + 380 ‘000. ar y. | as 940 “000 ee 
System 4 Bs 8 876 000 Haak bs 
system 5 ee 4 279 900 i 2 879 900 
‘System 6 i 3 #96 900 > lcheid cad 


3 


In comering costs. of power the foltoving sare the assumed 
ox ih ees Peta ; 


. conditions, If purchased from Commonwealth nai TASER Oo. +e per Ea. br. 





plus °15.00 pe yeer per rilowatt of 5 simate maxim Somes . if generated 


in company's power house at 20,000 ‘volte siternsting current 0.60 per 





K.v. hr. and 0. 7o per K.¥. nr, Ar: ies < volts in two direct 





-eurrent power houses. In the last two caser, interest on invested 
capital in power plant is 5 Le ae 4, deprecistion 5 te Total 
fixed charges st power plant ao 4. _ The values of onercy vequized 
are obtained by refuoing the ee "Zor traation only" of bal a ; 

in proportion to the caloviated: oneray required for 3 typlesl, ron of 


& three car train with various systems. ’ The other tems of, outpat 


are then added as the conditions may be. Tt should be noted that ‘this. 


estimate of power cost imeludes power for lighting ears 5 and stations, 
ani for car hestins. ee ss sa ae yd WES: 


4 





py 





Cee Os PoP PDs 
ee LY > ‘ 














" ie py aL 4 
iy * 
Bx 


o* 














system 1 aR open ; pe 490 ee 
System 2. a5 075 000. 14.900 oon 42 
system 3 45 O75 000 ie 900 me ) 

System 4 36.175 000 18 300 ‘oa 
' System 5 33 800 000 — 17 800 
System 6 - 44 920 000° TEE se “a 


of thetr greater comptentty. ising. ie ee ; oe ae a oe ze 


| ee ia with. oe 
Naerananon OF  BLYOTETG. ‘muinens - CARS 
. ( e 








System 1 
syetem 2 
System 3 Nei ee 


Syetem 4 , 








System 5 % 186 000 


System 6 102 000 





‘MAINTENANCR OF ELECTRIC SUBSTATIONS, 





system 1, 3 000 

System 2 3 000 

System 3 2 500 

System 4 oc 

System 5 | ; 
. System 6 A 


The maintenance of electric circuits should not exceed 815,000 
per year with the overhead system or $9,000 per veers with the third radl 


peg 
Cost of operation of sub stations will ve as follows: 


System 1 . .# 56 000 
System 2 | % re . 56 000 
system 5 ‘ oe SOT OL 


In the following Pable xmthwii1 be found the sum of the folowing — 
items ;_ 3 : ; 


So aes 4 for interast, depreciation, “ad ‘Sestind on elt ognimment 
exclusive of power house, ~ 


(2) Power charge per annum from Table XVII with compeny eperating | 
power house, includes fixed oe on power eaiynet 3 
aan 


. 


pee yy? . « = ee, 
Pep er ; SEN dae OR eee 





a 
(3)- Maintenance of Llsctric Aqui paent cars, —Table xXviII, : 
(4) Maintenance of Electric Equipment sub staions-Table IVTII. ? 
(5) Maintenance of Blectric Circuits, 


(6) Operation of sub stations. 5 


“hile these figures mean little in themselves, vie: alfterenne 
between them can well be taken as the pe io in cost per emma of. 


the various electric systems. 


System 1 ae $ 923 200 4 


System 2 Sg 880 500 

systom 3 | 869.000. 

gystem-4 . | 775 000. ; 
evcbaia 5 : Began: 993 500 

System 6 ? WAS soe 025 500 


From these cost ostimatos, the wetter has 210  hoattation in’ 

recommending for daopten system 4s thet le, twé. direct current power 

_ stations generating current at 1200 volts and adstetpsting by means of 

5r@ vail reinforced by copper feeders. It is the writer's opinion that 

an even better showing could be made by tiiis ayotem in the item "power 
house", which are here aesumed 25 per sent more costly than the alternating 
current power plants. . The emall size of units (2000K.¥.) at the perer 
house permits the use of 2 yower plant built on the double deck principle 


similar to Hamilton ond Spy Run plants. ae 





| From an engineering standpoint this system of traction is. 
very ettimative,providioe as it does auch a marked decreoes in cost 
ag compared with + he ‘standard 600 volt ‘wyetemjand ae the game ‘tine fare 
nishing nearly a reliability and sorvice, Ae a ayetem, the machinery 
ig. not yet on such & sound ‘gommerotel basis ad is the case with some of 
the other syetensjend hence _. aigtioulty nay be ea in obteining | 


eatisfaotory deliveries on the epparatue, : owing to this, the entimated 





time for tneteliation’ of. the eveten is ‘tro yearn sie about 








The icettinr is not had. aocess” a 12 8 aetatlee eocounte tor 
se 


the y present etoam suburban system,and ie therefore pnabLe to estimate 
totel operating expenses for the syaten of electric ‘operation, It is 
believed that sufficient data is” given bg tte report, to enable one 


re Fis 


conversant with peeuent operating bi salad ti aul ely srtinate the same for 






electric operat i ion. 





In doing so it ‘ashi 3 oe ered. that the item ‘ 





of power for electric service. It mist always be remembered that the 
figures civen for electric service in fables EYI et seq are for a considere 
shle amplification of service providing 76 % increase in number of trains, 


50 % increase in car ‘miles,and 154 4 t inavoate in seat miles. 





USTIMATE FOR COSE OF INITIAL DISTALLATION - 
i): COVER EWSIRE SUBUNBAR ZONB. 











The cost of an initial installation priviatng about equal car 
miles per annum as at present;end covering the entire present suburbam 
zone with trains operating. Sexoveing to provisional schedule,but with 
fewer cars per train is given below. “all items are considered such that 
_ the oxteusion of the service to the provisional sepedule basis can be ace 
complished merely . puronasing move carsg: ‘ generating apparatus, and 
more feoder copper. This is with the idea that eal rush hour trains 
shall be 3 ear trains only ani thet the oe | trains will average | 


2 care instead of 35. 


1200 YOUR. SYSTUT . THO Skat oY -omm 








STATIONS 
Third Rail 64,5 miles - 3 898 000 
Foeders and cireult control. system eee ee 000 


Cars, Total No. 74 7 a 
Equipping 17 side door cars am trailers $12, 900 757 000 


7 new trail cara . 43,000, 
50 motor cars complete 672,000 64 
‘2 work cars 9 4 motors each) 30,000, es asia, 
Bonding | © 68 000 
+ he 3 
- 94 -— 4 * * 








Passenger Station lighting rae 900 
Inepeaticn oak shop equipment : CUS se 
Total td incl, power plant or sdenale) ) 4 se 
iggy ae hone LB oe ae 
Two Power rahe aoe oe ; eS 





Rs ares a ‘Rotel: eu is 














; “WO. “ace x ee “3 “ar 















sd The poe of an. installetion ade odlawn ocak tracks with 
a view to instituting a 6 cant fare in ch yw eo he 1 trains 
operate according to the provisional ‘son P tee aes 
‘see page SO , hte provides: a two ca oe on ry 7s minbate aariag i 3 
the day and a five car train every ‘See! aie be | duri ay he rush hours. . 


with no greater outlay for steet sank 


' be three cars instead. of two. oe 
faded rath (18 niles) A a ate oe ae 


Circult control systen (008, Houses) ae - 


Cars total No. 47 






30 new moter cars 
- 1 work car (4 ote) 
Bonafhe | 
Shop equipment | hae Oe 
Total not incl, storie or power vient tees 000 
Power plant (6000 RFs) AON, if iss seer “660 000 
0S ee 





Or, for this service, the Comnonweal th Saison Company could 
furnish power ‘from a substation at: 43ra St. owned by the railway, 
This eubstation woald not fit into. the general echeme in case of. exten. 
sion 1 Dut would ‘perhaps ‘be advisable tor : a temporary purpose. In order 
to beable to Aiepose of the apparatus hen extensions re. ‘undertaken, 
the rotary convertors should be 600 volt uachinws operated two in 
series for 1200 Voltsy== ‘each rotary freme to be inoulated from 
ground. 3 sets of two 1000 Kaw. rotaries weatd be required. - In 
this case the cost would be 


Total (not inel. signals or power lant) 9 656 000 : 


ya Om r 
6000 K.W. substation oe ge _180_009 
ete. ‘ $836 ; 000 





Rither of these investments would: fumisn oan  exasotinety 


_ attractive service for neg vooaam Love, rw 






meat of 5 cent fare along with a 16 per ‘cont. 


should be no me in neiking te _ rh 








aan 


SOUT OF GRAND ROSSI, Rock 





This estimate is added with the idea that the advantages: of 
electric traction would be very aetent for the ‘lines south of Grand 
Crossing and that passengers for these, votate (Kousington, Blue Island, 
and Flossmoor ete.) ‘ould ae well change, to steam operated suburban 
sonbia at Grand Crossing. The estimate is based on the provistonal 
schedule all ihe the’ Blue Island ™ Plossnoor ‘Express trains. In 
place of these there is assumed ‘two extra Grand crossing Beprees: : 


eed 
22" Qa” 





trains that will take the place of the Blue Island and Flossmoor 


trains as far Fo) Grand Grossing. 





Third-Rail (42 miles) | $298 000 
Feeders and eireait control aypten . 240 000 
Cars. - rote Bo. 90 

Hquipping 17 mas degy, cars as trailers $12,000 938 000 

13 new side door cars 86,000 

60 new motor cars 810,000 

2 Work cars (4 motors) | _ 4, 50,000 
Bonding : % 52 006 
Shop ‘egunaant and inspection sheds ‘ | 50 000 


Total (not inel, signals or power plant) $12 558 000 
Power plant 12000 K.. (about) = . _1 320 090. 
$ 2 878 000 


ee 7 

If this prodectobt loavizig git ofstn @eeetritloation soheme, 
the portions south of Grand Crossing is decided upon; then below is an 
astimate for an initial installation by this method, providing for 
approximately same number of scar miles as a present but .etlil a 70 %~ 
inerease of seat mileage on account of using side door Cars. 


ESPOIATEH FOR INTTIAL DNSPALEATION OMITS 
TRACK SOUTH OF GRAND CROSSING, ; 


‘ 


Third rail, $ 298 000 











Weedsrs and circuit control system,- 100 000 


Cars, ee 
Equipping 17 side door care as hieetaee $ 12,900 600. 406 


’ 





« x 


Lguipping 3 new side door oars trailers’ > 18,400 


40 new motor cara i 540 ,000 

2 work cars Cree 80,000 
Bonding eee | 7 $ 82 000 
Shop and jedbeah tik equi pent | , | 30.000 
Votal { not incl, signals or power plant ) 3 1 060 400 
* cower Plant 8000 K.W. (about) 880 000 


 Potal | $ 1 940 400 








The items of operating expense that: ore peculiar to sibeieie.: 


_ 
en a 


traction and corresponding to theese latter = are shown ge? 


‘ 











INITIAL mgmannaton. con Page 9094 

cost of power per aunum including all fixed gharges $ 305 000 
on power station 

Maintenance of electical equipment = cars ut . . 48 900 

Maintenance of electric cireuits i : a we 9 000 
CODEANN LOGL GME SHE RAGE 8#25 

Cost of power per annum incl. all fixed charges $ 194 000 
on power atabion. re 

Maintenance of electrical equiped; ‘tare : : 18 000 

Maintenance of electric circuits | ie 4 000 








~ 004 Amp aera SERCH, _OuRE ae 





Cost of power per anrrom inol. ail fixed charges | # 390,000 
on power station : 

Maintenance of electrical equipment, cars. ovaey om 

Maintenance of electric cirouite ore 6,000 





Cost of power per annum incl. all fixed charges 
on power station 


Maintenance of electrical equioment cars 


Maintenance of electric sire its 


47 000 
6 000 








The soconnanying tabudetion relates to the technical features 
30% isee | radlvonds shioh 







‘system of electric traction, —_ 
roads are obi for compaxiwan ak t @ ree ‘ a 2 that they are in 8 way!” 
comparable to ther. C..k. Re suburban sarviis as regards broffic and 
speeds. certain ein and asbpean railroads are also tabulated 

for the reason that these are oqutered with Americsr. built apparatus 
and as far as engineering features ES) concerned, they embody makty 


American practice. 


= {0O— 





Ginpiled by 
Tracy W. S’tnpsor - 1908. 
turd Frail Systerr 


TE Ul eatel, 
LOddCA Traut | 


Whee/ ake wf il's dh, Tons per VA _ BP 4 0X. 
harmeler agi wher ol Potor. Ag rt si aS Wet pipe 
ch Acceleratiag ta. “5 
WOES NE huge ULE Lig | Loaded | “P87 | 








151k Pe | 

Roe ae 

Martha | 148 | (6.0 | 

Interbo 37 _ i 429 | 18. 0 ES 
aoume | 458) #0 | 
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, ry ee Ace eae lee | saided Traut | ] 
| Length Time for| 14-P-H. | Monber et Homber of | Number of Meignt a | weight of Tye ‘HPeah | ear \ Wheel Kyte # | 5, | Tors per Approx. 
Operating Division from | Length| Ma. of | Avg. —\Tofal Kun\ Schedvle | Cars per | Motar Cars| Haters per Traits Light Tram Loaded  /Zatar Ve Ratio | ameter Initial wi yc fal Motor Maxinom 
Mame of Company which data is taken  |\[tles| steps | Rin  Stinukes| Speed | Train — perTrairt | rolertar pies “ss) | Tons | Used rating Weed Wee is | Light Seetn) 
Boston Elevated R. R. Sulluan 54- dvaley SI: El Line| 5.18 oe eee! ere i73_| GE6OC| 175 | 3.20 | 33 | 45 | 15.7 | 1.0 7) 
Brooklyn Rapid Transit &. Williamsburg - Broadway | 6-25 6 4 Zz 104 226 | hyh.300| 200 | 3.37| 33 | 1.48 | | 17.5 | 23.0 | 39 
Hanhattan Elevated &R save - 700 ths} 35 | (al Za Ee | EB WAG EEE EA ip 20.6 era 
Interborouyp Rapid Trarsit Subway) Fulton - Lenay and 1450 zy: | 28 Va 5 | S2Z79 340 6698 200 | 3./5| 33 | 479 | 18.0 | 7268 | 
do City Hall - 5 & Local 198 SC eee ee i ME RIEZ M62 GE67G | 200 3.15 33 | 158 _ 16.0 | 23.0 4! 
Hideon and Marhattan RR: Hoboken - 19% 5¢- 29 HA 2a 6EI6 160 | 3.26) 33 | ie ae | :: re 
New York Central G Hud. Kv, RR. \ Grand Central- Mt. Vernon | 13.1 boa es e2! 204 | 310 | GE6E9C| 200 | 189| 36 | 0.77 | 743 | 35| 368 | 5.6 + 5/ | 4 
| Long Island R.R. | Flattush-Jaraica Local | 96 | 5 | 3 | 2 | 776 | 0 | welts | 200 | 232| 36 | 0.97 | 26.0| 2.4| 347 \ 69 | 6/ | 46 
West Jersey and Seashore RR | Ganden-Allantic Gty Lupres| 64.6 | ORoiNy a | 2 | 2 BAO \GEGIGN| 200) \ Wea ise 0/228) -29)2)| 2215 27-7) ar alan N60 
do Camden-blasstoro Local | 17.9 Shale ede) Becca ewer 146 | GEEIC | 200 | 159 | 36 | dor | 292| #2.5| 24.9) 89 | 8d | 36 
Market St Ekvated Passenyer RR.| South st - 69% Market | 7.4 | 5 5 2 | W7e | 200) | Gees C| 725 | 3-59 33 | 155 | 0 | ie | 2o0| Ze | 62 | 37 
Philadelphia and Western RR: [est - Strafford Ss Zz 2 4 72 | EI We TAS EFA || OTT SE) NICD STS 
Lackawanna and Wyoming | Vale hey. Scranton =| Wwilkesbarre Local 8.3 2 al ee 67 76. | Wghs50 | /50 | Z. 74. 36 | 134 | 740 | 8 | 190 | 8.9 79 46 
‘Nest Shore RR. Ulica ~ Syracuse Local | 46.6 aa 2 4 | 2 72), -| GET \Seo \izie \es6 | 772.\ 260 | 76:6) | 96 | 86) 27 a 
South Side Elevated KR. _| Congress - Loomis Express | 8.8 | 5 4 BH 159 | highilel | _ 90 | 3.41 | 33 | 0.0 | 19.0 | /70 12:2 NWA ZETA a 
(EAD Congress - Jackson Fk. Local | 8.6 Fea ese |Z. 90 a |Z 7 
Northwestern Hevated KA. Kinzie - Evanston Express /3.2 | 5 2 el Me 138 GEES | M60 | R29 \_ FF) 0.79 | 6.0 | we | me | 55 | 46 | 73 | 
a Kinzie- kavenswioad Loci! 7.7 Beil 2 ie eee Ae 736 | GE55 | /60 | 329\ 37 [2% | 76.0 | 268 | 395 | 55)| 76 | 33 
Metropolitan West Side Ekev. RR. | Franklin - 5227 Ave. 6.5 Creel none aeons Pe 159 | Wenll4 | /60 | 3.26| 33 \/04 | 9.0 | 22.7\| B@z| Z7/ | 37 | 37 | 
Avrora Elgin and Chicago RR. | 5¢% Ave- Elgin Local |\35.0 By dle Fa RE 2 3/ CE06E 125 | (1.06, 36 07 | 320, 0 | 22 | 6.9 | 62 | 5B 
Northwestern Pacific R. R. Savuselito - San Kafael EM) 3 2 2 64 96. 6E66A| les | 2.07| 33 | 077 | 27.0) 210 740 | og | Sse) 50 
% F | ae es | if sae | cree |e SP ha 
Grea Horthern & City Ky. Finstury Fk.- Moorgate St. | “1.7 | je 4 134_—| 215 _| GE6GA| 125 [ 36 | i VES || a A || 22 : 
Central Londen Ry. fark - Shepherds Busi | 6.0 eas Pee Se E /z4_ | /31__| ceeta| 15 | 324 | 35 |b0q | 0 | F0| 8| 49 | 58 ae 
Hetropolitan Ry. Uxbridge - Aldgate |zal 2 ee Sa SIRE 192 EZ) GE67E | Zoo) Fazio 39) 753 | 770 | Zo | 275 | o7 | 73 | 45 | 
‘etropolitan District Ky. Hounslow - Barking __| 24.0 ad Pea ee 192 GEEIE | 200 | 3.37 | 36 | 4358 | 10.0 | @5.7| 32.0 alae LE 
Great Western R.R. Hammersmith Aldgate | 8.5 | 6 | 2 >| 4 | 7a |= 207 | cew | a isso | ee | ee) 76 | 255| 77 | 63 | 2 
Gt. Northen Hicadilly & Bromplon | Finsbury Fk- Hammersmith | 9.4 6 2 2 152 178 GE6IB | 200 | 3.37| 36 | 07% | 40 | 360| H.5| 99 | 45 | B 
Boker St and Waterloo | Fadainglor - Eleyh. & Castle 4.5 \ 26; 2 | 2 | 4 | le | ceese| 200 | 337 | 36 | 099 | 40 | wo\ 745| 53 | 95 | 30 
Charing Goss Euston & Hatpstead | gulders Green - Charing X 6.5 | Ss | 2 | 2 | @-| 3. | cree | zw | x37 | % | 44 | ao| wel wal 6s | be | @ 
Lancashire a Yorkshire eRe ‘| Liver pool - Southport Local | S85 The cle fee /44 - eee 5 9 | | : i 
Aether RR. Central ~Tynerrouth via Benton 19.6 | PEED) ee a jae kee ; 6666 | 125 | 
| | 
ris: Orleans RR. "| Orsay - Iivisy Express | 14.3) 6 (92 | f4 se =| Wo | ceeca| 125 | 30\ 4 
Faris Metropolitan RR | Section Nos | Se ee ae eo 
hes _.b ehe Sig g 5 a 3 | | i L | ¥ | 
kete Adriattica “| Milan = Forte Cresio rae Pe, | TE pet? 8 6£95H | 160 | 196 tm c 


APPENDIX A 
TABULATION OF MOTOR EQUIPITENT 





For heayy Urban and Juburbart Karlroads using the Virect Current 600 volt Third Fail Systerre 


Ginpiled by 
Tracy Ww Svimpson - 1908. 








] T 





T 








































































































































































































































































































































































GMDY OF CHOICE OF MOTOR FOR 600 VOLE DIRECT 
SUIRENT. SYSTEM. 





By far the most waatal data thus far published to aid ina. 
preliminary detenihition of the relation of motor size to energy 
consumption and schedule spavijeeears in a paper by A. H. Armstrong. 
"High Speed. Electric Railway Problem" Trans. 4 1H & dune 1903. | 


This data is in the form of a set of curves that show first, the 


horsepower rating of motor required for any train weight with motors — 


geared to various maximam speeds; second, the schedule speéd for any 


length oz xan when. the maxima, speed is thus determined; third, the en» 


schedule — 
ergy consumption per ton mile at this speed. These determinations 


are made for equipments having three train friction curves so that 
when the train friction curve of & proposed ‘qquipnent is known, the 
schedule speed,energy consumption,and motor size are determined by 
_{taterpolating according to the friction dite. These curves have 
peen enlarged and others added. by ialatiak. 5a and are shown in 
Figs. 79 to 89 ae . 


The writer has used this set of curves on mamy occasions where 


an approximate estinete ie heeded and has found the results 50 Ode 
tained to oleck closely with extended ealenletions based on the speed 


curve and thermal constonta of a partisular moter. | “The present instance — 


has proven no exception to this statement but the importance of the 


case seemed to warrant a moro exteaded Study. ‘ bse 


-~)/O] = 








Applying the data from these curves to the case of the I, O. 


=f. KR. suburban service typical run of 0.515 miles we have the following | 


Table XX that shows the probable ) romult 3 for different sizes of direct % 


current motors assmmin: ail cars moter Care, any combination of 
‘motors on motor care and trallere will however give nearly the same 
results, provided the total norsepower of motors por train is as in the 


 ‘Pable XX. ‘ , : 








burban Service reine ¢ = “Three: Side. 3 Cars. 


on basis of 60 pay ¢ ultoubde temperature hike for cone 
tinuous performance of a run of OG. 815. Miles 


Gross accelerating snd brakihg ned a 2 lbs. per ton, 
Friction curve A Fic. 73 Date from curves Figs. 80 = 89, 


Size of motor - - Poteal train Wt, Be Sg Schedule Energy Power 


all care motor cars loaded tons - speed | ‘speed consum=- ree 
UP oe MoPeE. tion quired 


Watt Tre. Avg. 
ton mile X.Y. 
per trai 


2-100 H.P, per car 168 ain 3s 19.5. 50 or 
ee rie eee 36 ‘21.0. 69 alz 
Quel 5Q'H.P, tm Viv ama a8 22.3 69 268 
20175 HP, On ey cit me 24.0 61 343 
- 2e200 HP, mm EN Ss aes 24.6 89 392 
4-125 HePe ot 8 ROR BB e 25.1 °° 98 426 
4150 Hip. 8 192 62 25.9 107 530 


wi? o 


| 
| 
| 
| 


| 





‘ 


The table shows the very great increase in power required ie 
ontain even a gma increase in speed for the short yun considered. 
By comparing the first and last equipments listed in the table, it a 
found that a 225 % inerenss of power is required to obtain a 33% 


‘eam te in schedule spec. 


‘The ante of Table ee the A rastrong curves when applied to 
this ease are defective or the reason that ‘the ‘usual method of in 
creasing the schedule speed. on a short run, by ping larger motors is ta: 
increase the rate of initial accelerationyrather than to keep secelerstiing 
rate constent,and inerease the maaeLramn epeck a - | 










This ag not meant te) 
mrsoge 


that 3 for jane a Come 









imply thet the Arustrong curves are ia 
parison as is given in Table XE. the pee 


aide above) by a “ increase in p 


160 Lbs. groga per ton and cutting dow, the ‘tant " 


ae 


_proportion. ur. Armstrong ninsolt hes pointed 





various timesan("Study of Hosting of bacamde, io 


acceleration ik aaah ee important: factor ‘hat it is tnsdvteats ote 





ie: heing used, 


> 103 = ; 


k 
rant 





A better method is to asstme that the motors are worked well 
up toward the commutatine Limit Guring the acceleration on Tent Rhaeee 
perlod. — ohte current is usually biacon! as ti he fall load current on 
basis of the “one bry retin sh non-internole motors. “ae The rate 
of initial acecloration for any train weight is therefore ‘greater as the 
aye of the motor is tneronsed; since for short roms, it to not adm 
visable to epply ‘these motors ah, a manner to | Broance nigh mecca . 


speeds, 





there has been no Latte ¢ coatvatom ragycting the exact etgnt the 
gance of “as ra te of initial acceleration delashosate speeds and energy 
conswaption. The term is often used with at cough dertag that it is 
“no more a factor than is the sound to sod ¥ bia ageelorating rete is : 


cavried, The problem is ies 5 soney wis tee detail dn ‘hs appendix 


2 eae of speed 


variable m onter ee 


constant. etc. ete. 





It is aiftio: im to reconcile 2 atndy of a motor made with these 
ascumpt ions, with the actual manner ia vitae » a motor is applied and 
oper rated in servies. ‘he couparison by: Bee Ametrong by tar ‘tu 


most logiesl and if a set of curves vane ditferent socelorations could ve 


Aw 
rahe A 


ohees 





ovided, ths whole uatter would be entirely complete and all that 






@ be desired. That aus: a eee taes haz woe made by ir. 


m trong is strongly indleated $n his _recentl 





bLtshed section, 
“‘Moctric fraction, for ‘the standard ‘Handbook in wish, 





in Table of 
| peregraph 126, aigrerent rates of seoelezation are recomended - depend 
. ing on the length of typtoat run. ne i 


The problem is first ‘One of train tynsatos covering. aly ‘the 









‘vailway motor considered a8 a machine of ppertaln speed torque rela~ 


Son m otor ontput due to mening 





and commtation, - The jat-seenotion” Anterpetes and forced vee 


blem to one ig train . 





tilation has ematseretiy reduoed tne 





yeicned f or’ the most econenm 





co to. ) Linttettons on outa. 





pute. 


Dr. Cary 7 ie Mutehinson has attempted | the solution of. ‘the pro- 
‘pblem in the: general case. trans. Ae I. Be cS Tans, 1902 Beletion 
"and sore ospeotatiy 


ef Mergy snd Motor capacity to Schedule speed 
Trans, Ae ae Ee E. oct. 1903, "Gonditione governing the. ise se 





Temperature of ‘Electric matey Motors in Service". Applying the 
dat:) methods to the Gase of the ts c. Re Re suburban tite, it is 
found that certain features of the cetho are inapblicable for the 


reasons lables: below, 
le The vetnoa of converting | the tape peed tine carve of 
threes constant aaek erat tie rates nabs ant a into ES) spect tims — 


curve having a portion of motox aceclerstion, ‘ts gush that. the new 


-105- : 





Speed time curve does not represent the same distance treverseds 


that is the se acceleration A is aiftorest in the tne onsen. 





ti he speed time curve with motor scceleration ‘thet sorrenponts with 


respect to distance treversedyyith the ae time curve. es It 













ary curve sheets. 4 


4 decided aubiguity exists in. tn an 
son's second paper due sinkivetnto oe 
on its face appears to be a complete : 
schedule aenk 30 Pelle, Distance 7 04 th. 
whereas ‘the final results as worked 
but to one of less schedule epoca and 4 


biae 


nae comparisons. me assumption es soastant ‘osating g Files ts 
percentage of motor curve rmning Peiag vat it wi, nas ‘always 
seemed to the writer a basis ‘that 1 more  neariy reprveonte soteal 


if 
u| 





service hala el 





¢ 


The ewaiie worked out bere is. not Antended ne des a general. 


solution, but is a particular one;- the ) determination of the vest porformence 


MIDGET! Vo > Cees 


% 





of different sizes of. motors for the ms o. & Re Be suburban service typtoad 
rm, ‘he aosieaptions are only that ‘lea 
i. Length. of im is 0,815 miles - 
2. Coasting is coastent 





a Io seconds 









3. Rate of ‘praet; is oonstent ~ net 1.6 U.P.E.PS. 


4. Gurrent fortng ¢ acceleration ony atence netehen ‘shell 
he. equal to full load one hon rating wrinctgadi : : 






$. : All ddreot om nt wntors of ‘the on-interpole type pigs | 
Mite ee smae a sree ite waiver, ¥ 













“the 269 ot Smterpete ators 4 ie 4 ~~ 


4 ang 5 above. 


table time. 
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Fig. 90 shows the general speed tractive effort ¢ 
corresponds to standard motor designs. It is 2 basis for all speed 
time curves to follow im this Appentiz.. The fact that one curve could 


be aset for all standard motors was first pointed out by Dre 


Figs. 91 to 97 inol. show “¥be speed time curves tor he typleal, 
“yon with various motor oquimments ranging from 600 H. P, per thre - 
train to 2400 H.P. per three. car “diame in geeh case for varying ‘Fetes 
of initial segeloration. It is noticed st for each particular motor 
equipment, there is a certein aefiatts rate 9 eoochoration that gives 
maximaa schedule speed for ‘the ron. na haan with the fact that 


if the rate of initial aoceleration be nave 







can be carriod is practically doubled since 
ip limited to only the one ‘hour full load a sae "the ‘motor. the | 


form of the curves illustrates ‘the point very xy elossly The curves 





are compiled with operating conditions as ‘nearly ike ‘the I. Ge Re Te 
suburban trains as is possible. | That Asythe trata friction curve te 
taken from Fig. 8. the estan of ‘rotating parts is varied with the 
aifferent sizes and gear ratios of oquipnent, and the total weight: of 


train is varied according to abs motor equipment . ased. 


1g it were only for aynemto reasons, ‘the: proper value of initial 
accsleration to use pee be that providing minimum time for the run 
since in this way the erentest use is made of the size of motor. -But 
limitations of output due to Heating: prevents in most cases the use of 
this rate of acceleration. i. calanlation hes boon made ‘endeavoring 
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to hoe tor eack of the motor sizes of Figs, 91 to 97 how closely the — 








—— Lint’ attects the atnimon time for ron for each size of motor. 
ia Pig. 96 in which that portion of the curves whieh 





ato point of view but are impracticable: ou ace 


g are shown aotted, 


Te ‘extent * tots a enante vaxtelk aevording to the design 
of motors ‘that taythe emounty of dotted ines in Fig. 98 depends on the 
particular motor used in ostinet ing heating. e In the saleutnti dae rem . 
lating to Fig. ‘98, and following ‘motors were iasea in estimating. heating, = 


es : 


190 HP. size 
“125 HP, size 
150 E>. size 


“fe 


175 U.P. size 





200 He re gize 


Comparing Fig. 98 with Pig. éytt is apparent that 2 20 4 
increase in-schednle speed above preseatservics enn be provided only with 
1400 H.P. in motors per 3 car train, “This is with en initial eesuatec 
ation of 1,15 M.P.H. per 8eC. Furthermore thie equipment will ares 
vide | maximum speed on the vex Buren, St., nyde Park express run of 
about 5O K.E PH. 3 It 80 hanes that the initial Tate of acceleration 
indicated as proper to use by this study, namely 1.15 MPH. per sec. 
corresponds with the 120 1b, .cross per ton of the Armstrong gabeas of 
Figs. 79 to 90, and. also with the statement inbarasranh! 126 of section 


"Electric Traction" of the Stendara Handbook that _ proper tate of 
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acceleration on a run of one stop per mile is 1.10 M.P.H. per sec. 


This latter item is a good check on the result. 


The necessary equipgent is best provided by ‘two nominal 200 
H.P. motors whieh when eneslorss ing at $40 amperes and 570 volte will fum_ 
nish 1400 H.P. por three ear train as max inom net output at end, of fateet 
accelerating pertod. | 


COMPARISON | oF ¢ B 69 C woe “wre GE 69 B ‘MOTOR 


FOR_I. a Ce Ee _Re_ SERVICE. 


co 4 








The 6-E 6 6 motor as sunt to ‘the New York Central nideioke 
sone for suburban trains and. to the West Jersey and Sea Shore, Camden . 
to atlentie City branch’ is of different electrical design than the G'E 
69 B motor as supplied to the interborough subway = Metropolitan 
| District Ry. the G E 69 ¢ motor has imbre field ‘pnd. araature turns 

(see Fie. Fin) 

and hence operates at slower rotative speeds, — cag advantage of whe 
| design is that care Rio: whieh is an Amportent heating factor in ‘Yang 
runs, is lower than im the GB 69 B motor. ; ‘This is due to the de- 
creased rotative speed. To attain this end ‘the copper loss is higher, 
but in long rm service this loss is comparatively less Lnportant since 
the time the motor is being acoolerated is relatively mall, The 


magnitudes of these varioua losses. are well. shown in Hes. 22 end 20 


Fig. 21 shows ‘Aimengilous of the GF 69.6 see 19 
shows characteristic curves and Fig. 20 the’ general speed tractive 
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effort curve. A Comparison of this motor with the P E 69 B shows 
that the G © 69 6 motor with a gear ratio 1.78 will duplicate the pere 
fromance of the G EB 69 B coar ration 2.46 as far as, speed is concerned, - 
Fig. 22 shows a typleal rm with gear ratio 1,76, Althouzh the core | 
losses are lower, the copper losses are so :suoh higher that the heating 
ie excessive, being 15 degrees Cent. higher in service than the GE 

69 B motor would be. Fig. 23 ion 8 typical run with gear ratio 
1.78 but with a reduced accelerating current. whe time for the run 
is increased 2 % but even with this reduction of copper losses, the 
teuperature is still higher in service than would be the temperature of 
the @Z 69 B motor. . The avgrage length of run must exceed 1.25 miles 
before the oR 62 C motor will operate at less temperature than will | 


the G E 69 B motor, 


| 
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METHOD oF OPERATION OF MOTOR CONTROL omoaKS 
i > IAIELAL _ACCELE RATION . He 








Wesere, Parshall and Hobart in their 1 work . mectate Railway 
Engineering" page 3 st ‘sind have devel oped a ‘series of Interesting 
studies of ‘stor soveleration in which a considerable saving of oneray 


is shown ane rie) pemitting the motors to. operate on the "motor curve" 






for an | interval between, the ‘sortee end paral 
It is of ‘pivecdat to inquire oat possibilities for caving of onerey 


lel controller positions. : 





occur from this net hod a the present instance, 


painile to the use of ie control vat va ae 
definite value. Ih this way the grow of ci 
plicable to modern conditions than is ‘the cont ited out vy tty above 


writers, 





There is a slight cooresce i the, cverare rate of initial 
accelerotions but this, in the case of the as s Re Re suburban trains 
will merely decrease the schedule speed an average of Va * There 
is however a considerable saving of enerey totaling 8.0 ; This is 
due to, = firet, leas tine on parallel, resistance notonee; second slower af 


velues of parallel Hoss ue! grids; thdrd flower motor * Losses. 


Table ad slows in detail the average 1oco0s and pereontager Ey:) 


compiled from Pies. 99 to 107, The figures under ‘Oolueic headed 


< 
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T 
“for typieal run” show net savings for the entire system to be obtained 


through the use of this method of control. 


TABLE XAXI. 











QOMPARISON OF [WO METHODS -CF CONTROL 
GB 69 B MOTORS = 570 VOLTS. ; 











Method I+ 2 hye _ Method elt 8 
To full _ For typical To full Tor typical 
parallel run 0.815 Miles parallel run 0,815 
- miles 
Distance miles 00714 0.815 0.089 0.615 
Time seconds 18.5 - 106 23 107 
Energy ,K.W/. Hrs. 1.73 4.43 : 1.61 4.05 
per car et 570 volts 
Percentage 100 . 92 
Armature copper 24.0 36.2 6 54.0 
Less per motor Si 
in Watt hours 
Percentage 100 94 
Armature Core Loss §.0 57.7 1003 55.3 
per motor Watt Hrs. ae 
Percentage 100 ( 9602 
Rheostat Loss 522 K.W. Hrs +558 K.W. Hrs. 


Percentage | . ‘loo aes 
t) Bs Seda tt 
his method of control can be furnished by meens of a brip 

on the limit switch that will delay the progression of the limit owiteh 
between ssries and parallel positions until the current per motor fails, to 
below 170 amperes. such a device could be eastly made and would 

cause practically no added complication or cost té the control apparatus. 
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APPENDIX | Jie” 


MTHOD = OF oD? AINDIG SUBSTATION LOAD OURVES 


7 “IGS. _ 46. % By INCLUSIVE. 








he substation load curves are obtained by determining from the 
provisional schedule shect, Fig. 44 the nnge2 of cars passing any 
substation during each half hour of the day, The average Toad per car 
per gubstation was determined from the power time curves of the separate 
runs af recapitulated in Fig. 27." It is assumed that the total current 
to @ train is deraved from the two adjacent substations ina ratio 
inversely proportional to the respective dabensei from the sub stations 
to the train. This is strictly true when only one train is operating 
between sub etsbions. In the actual case of several trains between 
sub stations, at is more nearly true than is the Gieaptton that there is 
an arbitrary mid point beyond which one sub station does not feed covers : 


the other. 


It is further assumed that the performance of a car in a three 
car train is typical ad the performamce of an averege cam of the services 
that is, no allowance is mde for the slightly less energy per car of 
a 5 car traingor the slightly greater energy per car of a one car train. 

Table XKII shows these wit loads per car per substation as 


derived in the manner shown aboyes = 
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UNIT LOAD. ON SUBS?! TIONS - SHOWING 





LoaB PUR CAR PER SUB STATION For 








DIFFEREN CLASSES _ OF SERVICE. 








G H 69 B MOTORS . 


Gear fatio 2.46 36 in. wheels 


Sub station One Car of 
_ Pollowing 
Service Power 


Express 13.86 


Wo. a Local 21.5 
Express 8.2 


No. 3-Yoodlawn Local 9-1 
- Grand X Ux. 17.6 

Bel, & Be Hka « Chel 

So. Chgo, Bx. - 15.3 


Wo.4-Burnside Grand X Ex. 2.0 


Flossmoor Ex. 19.7 
- Blne Id. xe, °51.7 


io, 5-Riverdale 8.1. Ex. 12.0 
Flossmoor 22,35 
Ex. 


NO.e6—Homewood Fiossmoor 18.7 


Ex. 


Be. T-Reeaaee Pk. So.dhgo. 22.3 
Ex. 


4%. Mira Neil 
Kate Ere. at ay ie! volts 
Power Power 
Light . Bight PP. 
* Feat 
17.4% 19.5° 18.7 
21.8 24,4 23.5 
8.4 oe, Be 
9.5 = 36 10.0 
18.1 20.6 19,7 
21.6 2462 23.5 
15.7 27.4 1760 
2.1 24? See 
32.5 36.4 33.9 
12.8 13.8. 16.3 
22.8 25.6 24.6° 
19.2 24.5-.420.7 
23.6 


600 VoLT syst 


BBB: 


At Bub station 
X.W. Hrs. at:600 
Volts 
Pp. and Lb. Py L.and 
. He : 
19.2 21.6 
15.6 ey by FF 
24.1 27.0 
9.2 10.2 
10.3 pis By -} 
20.2 25.0 
25.9 2566 
17.4 19.5 
2% ee 
22.5 25.0 
56.9 40.2 
13.6 15.3 
25.2 26.3 — 
21.2 25.8 
25.8 


in the above tebe, 5 K.v, Hr. per car née een aaaea Ape ie 


substation unit load im ease terminal awitehing is necessary. ; 


“haghting 


and heating of stored cars at eth ft. and ote: tormint is: assumed Mid 


begin SO minutes before the care pre placed in service. 


“tts load is 


added to the load as detemined for Cars. in epetation ony. 


fo | ee 





ROSATI 


STORAGE “BATTERINS AT SUBSTATIONS 600° VOLT 


pi RECT " CURRENY a ‘SYSTEM 








{ : $ 
The advantage of storage batteries for this service consists 
in 
1. Reduction of rotary converte capagity due fo élimination — 
. of effect of swings st convertor, flatter load curve possible, 
and less reserve machinery.. 


2. Reduction in cost of high voltage lines due to elimination 
of swings end to less aeineds tf for — lines. 
3. Reduction in power biase: capacity. 


4, Saving in cost of power 4g parehased on a wnaxinum sacle 
basis. 


5. Operation of trains maintained in event of failure of 
transmission lines. 
20 obtain a definite idea as to the amount of fluctuation on 
2 substation, there has been calculated Fig. 108. Co ets te an exact 
load curve on 12th St. aub station from 5:30 Pit, to 5:50 P.M during 8 
‘ gwamer week aay rush hour vith trains operuting according to the provision=. 
a schedule of Pig. 44. It is obtsined by adding together the in— — 


stantaneous loads of the various traing for the. period im consideration. 


Assuming batteries to be used at this sub station and that the 
converters eupply 3000 K.i. continuously during the interval, then. the — 
battery must provide 4000 Ke. for one ninate | or a 5000 Eee peak ; 


of 15 sees. This will be. the maxim demand in thie etter. 


ANG 





Gey 


Such a battery would ‘be rated. at about 4000 amperes ‘on a one hour 


discharge ne a or for 8 hr, discharge rate at about 900 amperese 


(ey 5: 


he aauttion of; thir vattery won a fecessitats ‘the “operation 
of but. 2. ~ 10¢0 ite convertors turing the rita hour. ‘They would be 
_earrying a _stooey tof overload at their a at Til load would . 
‘ : 2090 3 ke v + units oasrying & an . average > Load. of ; % 
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g mush t nour a les: 
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eliminate fluctuations will not decrease the 5 minute demand from the 


company supplying power. 


To produce any effect on the 5 min. maximm demand, it is 
necessary to introduce additional battery capacity above that required . 
to eliminate fluctuations. Furthur, every extra Kilowatt so added will 


Gecrease the maximum ceuand by an amount just equal te this added capacity. 


Applying these éonelusions to ‘the various sub sick cdi ke is 
necessary to instal nesvory capacity oi ‘the amounts shown in the follom 
ing Table XZIII in order that the’ fall penefit of the: & minute maximum 
demands can be attained. This equipment ts also ers enn:aid thet : 
maximum perwissable charge rates in all day service will not ve exceeded, 
The table also shows the alternative caninhent, ant probable coincident 
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maximm demands, in case batteries be not installed. 
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TABLE: XXIII. 


COMPARISON GF SUS STATION EuvIEuenrs 


With AND. VITmnoue BADTERY 
600 WOU SYSTaM 











(A). > WithOuT © -BaprERy 


Sub Station = = - Rotary’ 5 minute - 80 sec, 
Capactty . Probable maximum 
KW. coincident Demand 
maximum Kells 
-. demand (winter) 
| Ee KW. 
1zth street 401000. B BOO 8900 
joodLawn 41000 800 7900 
Oakland 4nL000 5800S 7500 
Burnside 3=1000 1890 5250 
Riverdale 31000, "900. = 4300 
Homewood BehOOO 9 700 . 2380 
Windsor Parle "3-100 900 4600 
notels BBO, 18400. 
ene Battery capacity 
(B) WITH BATTERY Bees one hr. Rate 
Lath: Street | e750 2000 4000 amps. 
Oakland | e750 ‘epon 5400 
Woodlawmm Se750 BOD 3400 
Burnside ) eBO0 game OC aisog, 
Riverdale 2600 | Oceage 1800. 
Homewood ce 400 Bab 1000 - 
Rindsor Park “2-980 yee. 1809 . 
notels 15000 Q760°K.w. ~  ~——=—=«s1400 amp, Ere. 
sae : sc 630 wie 
elke Seiten oe 





rs 
‘In each of the shove cases add to the maximum demand 1400 KW 
for losses and auxiliary supply. Itemsof specifications that determine 
size of battery at varicus sub stetions are given below: 
12th Sti= Battery capable of taking 20 sec. peaks of 11200 amperes 
: after bb'has been Aischarged 2800 amp. hrs. at mean rate 
of 2500 amperes. ey : ; 


Osklandta 20 sec, peak of 8600 aimps.. after discharge of 2700 amp. 
hrs, at mean vate of 2500 amperes. Y 


Woodlawn z= 3) séc. peak of 9400 amps. after discharge of 2300 amp. 
, brs, at mean rate of 2500 amperss.— 


? 
Rurnsider=- 20 sec. peak of 6700 amps. ‘tattery full charged. 
Riverdaler= . 20 sec. peak of 5900 amps, battery full charged 
Yomewood:= 20 sec. peak of 3200 amps. battery full charged 


windsor Park:= 20 sec. peek of 6100 amps, battery fall charged. 


Following is a comparison of cost of equipment with ané 
without batteries, on basis of nower purchased from Commonwealth . 


Fdison Co. 


WITHOUT BATTERY 


Rotary converter and step down Trans, etc- $ 810,000 
7 sub station bldgs. ee ats 

: Capital in sub stations » 846,000 
57.4 miles 5 phase line 2/0 cable - 240 ,000 


ER ie bk 
Capital Power distrib.Acct. § 1,086,000 


FITH BATTERY 


Rotary converter and step dow Trans. $ 530,000 
7 Sub station Bldgs. . 48 ,000 
17400 amp. br. (1 hr. rate battery) with boosters. 

and switch gear £790,000 


Capital in sub stations | €51,368,000 
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57 miles 3 phase line No. 1 cable 4 210,000 _ 
oe fop:t Power Distrin. Acot. 578,000 
In the tolontr tierd {a a comparison of the = cost of 


- power for the 90. oases. 


e “eh oy 


vITHOUT a | 
5% sind $ 84,300 





5 % Dep. Slec. oquipzent of sub stations wee 40,500 
3% Dep. lines & i aremeet work eS 

si Tao F 5 ee $. 102,000 

16890 Ag maxim Demat “ + hp. 06.0% 252,900 

pci kt 1858 bog ‘gent. oy 232,43 

Amun Power charge - $586,430 


WITH  PAPTERY 








so cepitel # 79,400 
A 3 Dep. Bloc, equip. of sib station _.. 26,500 
F % Dep. Lines | Ae pe 1" ae 6,500 
“10 Dep. Batteries a MS imi One 00 
10 160 K. We max, Temand at $15. oo a ae 152,250 
46 486 000 EeMe hrs. at 1/2 cent pee nae 232,430 
.  Ammual Power cnaree Neat, 3 phat 


sh i 


Tt appears Mi oectake that the, nee of atorace batteries will 
not produce any decided seving in annus] changejreven if power be pure 
chased. If the company ‘botlas ite ‘own, power nose, the maximum 
demand charse ped be nearer $12. 00 a vier per KW. end, bitat-) works 
cost about 0.6 6 tantiend: of 0. 5 c per Kove nr “mate pide throw ° 
the palance in favor of an installation without patterics. . ‘The 
estimate above yvnich shows an apparent saving of 411000 oer year ant 
batteries jis. not sufficiently precise: 0) verrant the’ adoption of storage 


batteries in sab stations on the basis of this estimate alone. 


e F 


‘ 


~f2i- 








with storage batteries the den vausan of the high voltage 
system will be ewporior to that of the system withovt batherlesseyen 
though the coicuctors are of smaller aise, ‘160, the storece batteries. 
will pormit yin cose of accitent,s completo. shut down of one ‘hour ‘arin 


rush hour or of 2 hours during the middle of the day. 


tt te the wee Aare opinion that with @ well constructed sate. 
the liability of shut aon is vory romotos and that the rogolation 
without batteries is sufficiently good. for the service (See pace a }é 
It is exeeedingly desix able frow the standpoint: of the railroad any 
to cut dows the 2irst cost, oss a saving in tis item of atinjens can 


be effected if storaxe batteries: be aevensea with, aie 





g me,t onl be: vetter 





to omit batt eres; if it purchuses power, tie 2 derkranility of mtornce hes 
batteries is still inieterminate. later af extension for main line tere 
minal traffic is contemplated, the snoeanea load thos occasioned can 
be mat most satisfactorily by the: adi tion of storage batteries to the 


then existing sub stations, 
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